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UNIVERSITY OF NORTH DAKOTA
CENTER FOR AEROSPACE SCIENCES

VARIABLE-GRAVITY RESEAR ILI

CONCEPT: TO PROVIDE FACILITIES FOR THE STUDY OF THE EFFECTS OF
VARIABLE-GRAVITY LEVELS IN REDUCING THE PHYSIOLOGICAL STRESSES UPON THE
HUMAN OF LONG-TERM STAY TIME IN ZERO-G.

PARAMETERS: ARTIFICIAL GRAVITY INDUCED BY ROTATION
RANGE0.1G - 1.0G
UP TO THREE YEARS STAY-TIME
HUMAN EXPERIMENTATION ONLY
USE OF EXISTING MATERIALS & FACILITIES
MINIMUM MODIFICATIONS
SHUTTLE LAUNCH (MINIMUM POSSIBLE)

DESIGNS STUDIED: TWIN-TETHERED TWO MODULE SYSTEM WITH A CENTRAL
DESPUN MODULE WITH DOCKING PORT AND WINCH GEAR

RIGID ARM *TUBE" FACILITY USING SHUTTLE EXTERNAL TANKS

MAKE-UP OF STUDY GROUPS: TWO DESIGN TEAMS OF 4 ENGINEERING STUDENTS
EACH. ONE TEAM STUDIED WINCH DESIGN OF TETHER SYSTEM, THE OTHER TEAM
STUDIED MOVING-FLOOR DESIGN FOR EXTERNAL TANK SYSTEM.

ADDITIONAL 25-MEMBER INTERDISCIPLINARY GROUP (6X5 TEAMS) STUDIED
VARIOUS ISSUES INCLUDING DESPUN CENTRAL CAPSULE CONFIGURATION,
DOCKING CLEARANCES, EVA REQUIREMENTS, CREW SELECTION, CREW
SCHEDULING, FOOD SUPPLY & PREPARATION, WASTE HANDLING, LEISURE USE,
BIOMEDICAL ISSUES (BONE & MUSCLE LOSS, SPACE SICKNESS, ETC.),
PSYCHO-SOCIAL ISSUES (PRIVACY, SEXUAL ISSUES, ISOLATION, ETC.).

INTERDISCIPLINARY TEAMS COULD CHOOSE EITHER FACILITIES. THEY WERE
EXPECTED TO STUDY, DOCUMENT AND RECOMMEND: EQUIPMENT NEEDS, LIVING
CONDITIONS, INTERNAL LAYOUTS, POSSIBLE ALTERNATE DESIGNS, POSSIBLE
OPERATIONAL PROBLEMS AND FIXES. COMMUNICATIONS WERE MAINTAINED
BETWEEN THE ENGINEERING & INTERDISCIPLINARY GROUPS THROUGH T/A,
FACULTY MEMBERS AND STUDENT PRESENTATIONS.

METHOD PROVED SUCCESSFUL IN INVOLVING LARGER NUMBERS OF STUDENTS IN
UNDERSTANDING THE MULTIFACETED ISSUES OF OUR MOVE INTO SPACE. STUDENT
REACTION WAS VERY POSITIVE. MANY ISSUES WERE DEFINED AND DOCUMENTED,
SOME TENTATIVE CONCLUSIONS REACHED REGARDING FACILITIES AND
EQUIPMENT REQUIREMENTS FOR LONG-TERM, HUMAN STAY-TIME AND
EXPERIMENTATION IN SPACE.



INTRODUCTION

David C. Webb and Dick B. Parker

The physiological and other impacts upon humans of long-term stay
time in space have received only limited study. The initiation of
Space Station, and possible future missions to the Moon, Mars and
the asteroid belt, make it imperative that an understanding of
these impacts be achieved as rapidly as possible, as well as an
understanding of the possible remedial effects of introducing
various levels of rotation-induced gravity in space habitats.

The Center for Aerospace Sciences at the University of North
Dakota received a grant in September 1986 from the Advanced Space
Mission Design Program for initial design work associated with an
on-orbit variable-gravity research facility.

A Variable-Gravity Research Facility was proposed as one of the
priority recommendations of the National Commission on Space. The
members urged that it should be designed and flown at the
earliest possible date. The present study is based upon the
assumption that it is possible and preferable to design, develop,
launch and use such a facility as a part of the initial build-up
for the Space Station.

The proposed facility could be on-orbit and in use by 1994, given
priority development and fabrication - at a time and cost level
impossible to duplicate under other circumstances. This would
meet the President's promise of 1984, to have a station on-orbit
within a decade, and could have important political advantages
for NASA and the nation's space program.

Work at the University of North Dakota

Eight senior-year engineering design students were divided into
two teams of four persons for this effort. One was requested to
develop a solid structure, the other a tethered systenm. The
first team conceived a major facility utilizing a number of
interconnected hydrogen tanks derived from the STS External Tank.
They concentrated on the design of the movable floor that would
be placed in each tank. The other team chose a two-tethered,
two-module facility, using space station modules. They
concentrated their design efforts upon the winch system required
to alter tether lengths.

In addition to these efforts, a multidisciplinary (MD)
undergraduate course, open to all sophomore and above students,
was offered for the purpose of conceptualizing and documenting
the issues and problem areas that might be met in long-term
(up to three years) on-orbit experimentation on human subjects.
This three-credit course has been in operation for two semesters.
Forty-four students registered for the first semester and
twenty-three for the second.

The MD classes could choose either of the proposed facilities
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(tethered space station modules, or external tanks) as models.
They were expected to study, recommend and document equipment
requirements, internal lay-outs, and possible alternate design
proposals, as well as to develop a list of issues and problem
areas that might be met in operation, including possible fixes.

Communications were maintained between the engineering and

multidisciplinary groups through faculty members, teaching
assistants, and student reports. As student understandlng
increased regardlng some of the real economic, engineering and
human factors issues involved in the development and operation of
such a facility, it became clear to all that the design of the
first engineering team (six interlocked hydrogen tanks with
movable flooring) although attractive because it offered. the
capability of multiple gravity levels within one facility, was
too complex and expensive and required too much on-orbit EVA to
make it 1likely that it would be chosen for development.
Nonetheless, the engineering students learned much about the
design stresses and requirements that will be placed upon any use
of the external tank for such a facility, while the MD students
learned a lot about real-life cost/usage trade-offs.

As a result, in the second semester it was decided to concentrate
MD student attention on the two-tether, two-module design of the
second team, with the addition of a third (central) module for
docking. A number of issues (detailed below) were examined.
This does not mean that the External Tank option is no 1longer
under study, but only the particular concept of it presented by
the. first team. Next year other ET options may be examined.

Concept, Parameters and Assumptions of Study

The phy51olog1cal and other impacts upon humans of long-term stay
time in space have received only limited study. The initiation of
Space Station, and possible future missions to the Moon, Mars and
the asteroid belt, make it imperative that an understanding of
these impacts be achieved as rapidly as possible, as well as an
understandlng of the possible remedial effects of introducing
various levels of rotation-induced gravity in space habitats.

It was further assumed that the above requirements dictate the
use of available materials and designs to the greatest possible
extent. To this end, the present study concentrates on two
possibilities for a Variable-Gravity Research Facility: The use
of Space Station derived modules, or of the shuttle External
Tank.

Established Parameters:

Artificial gravity induced by rotation
Range 0.1g - 1.0g

Up to three-year stay-time




Human experimentation
Use of existing materials and facilities where possible
Minimum modifications

Shuttle launch (minimum number possible)

Concepts Studied:

Tethered system with two modules and two tethers with
winches to control inter-module separation and thus
apparent gravity level.

Rigid arm system with either space station module or
external tank.

After the fall semester the decision was made to
concentrate on the tethered system.

The issues addressed are identified in the table of
contents as chapter titles. Each chapter represents the
report of a single or group of students. The first two
chapters are the work of the engineering design students.
The remaining chapters are the work of students in the
multidisciplinary course. As a result, there is some
variation in the quality of individual chapters. None the
less they present issues (and possible solutions) which
must be addressed and settled before a variable-gravity
facility can be flown. Not all important issues have
been addressed at this time. These issues, plus
refinement on some existing topics will be the work of
the second year of this project.

Issues Still to be Defined:

Crew size

Crew space per person

Medical equipment required

Facility stability with central core extended
Tether stability, vibration, resonance
Stresses from docking impacts

Power requirements/source/despun?
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Tentative Conclusions & Additional Questions:

The issue is what rotation-induced gravity level will be required
for maintaining human health while doing 1longer term work in
space and permitting return to earth. Currently we know that
people survive well at 1 G, on earth. Currently we know, on
limited data, that moon gravity (1/6 G) does not completely
overcome the deterioration experienced in 0 G. Currently we know
that there is sericus deterioration at 0 G.

Most biological functions are 1log functions and one can
reasonably assume that the same is true of the effects of
gravity. Three points (gravity levels) between 1/6th and 1G
should provide sufficient data to draw biological response curves
to gravitational force. This would permit preliminary estimates
to be achieved that are fairly close to the gravitation
(rotation-induced artificial gravity) levels which are required
to maintain human health. These three points could be about
0.63G, 0.40G, and 0.255G to distribute them linearly along a log
plot equidistant between 0.16G and 1.0G. The middle value is
very close to Martian gravity of 0.39G.

Six months research at these three induced gravity levels would
provide substantial data at 4 points on the curve (4th point is
1G), and minimal data at a 5th point, Lunar gravity. (Lunar
gravity values will eventually be obtained on the moon and could
be left until then if necessary.)

Eighteen months of research thus could provide a preliminary
estimate of the rotation-induced gravity 1level necessary to
maintain human health for long periods in space. Long-term
exposure to the selected gravity 1level would be required before
great dependency on it could exist. If time permits, the initial
v-g facility should be run at one specific gravity level for as
long as possible to properly evaluate the effects at that level.

POSSIBLE CONFIGURATIONS

Several designs for making a variable-gravity research facility
(v-g) are possible. On examination, it becomes apparent that it
would be feasible to construct the variable-gravity research
facility before constructing the space station, by using modules
which will 1later be incorporated into the space station. An
eighteen month experimental period could provide a preliminary
answer to the major issue of long-term survival in space, which
otherwise will be put off until after the year 2000. The
proposed sequence would cause little or no delay in the space
station schedule.

All of the possible designs have the following things in common:

1) they use space station modules which can later be used in
the space station.
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2) they require minimum modification of these modules for
this purpose.

3) they require only one or two additional shuttle loads of
equipment for the v-g facility.

The basic configuration is a rotating structure with habitation
module(s) at the end(s). Variables in the design include:

l) a) Two or
b) one end of the structure inhabited?
The other end could just be a counter weight.

2) a) Tether or
b) latticework beam structure connection?

3) a) Absence or
b) presence of a central, 0-G module which would not be
spinning and could serve as a docking point and a
0-G research module.

4) a) One or
b) two modules at each end of the structure.

Essentially all combinations of the four alternate pairs listed
above are possible design configurations.

The simplest configuration, Figure 1, is a single habitation
module tethered to an external tank as a counter weight.
Different 1levels of gravity are obtained by varying rotation
rate. This facility could be flown on a single shuttle mission.

Figure 2 shows a tethered system with a central (despun) module
and elevator. The shuttle would dock at the central module.
Four winches will maintain a fixed center of rotation at all
times. Various rotation-induced gravity levels are obtained by
changing the length of the tethers.
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This report contains the results of Astrodyn’s work on
the Variable Gravity Research (VGR) facility project. The
project was granted by NASA in August 1886. Astrodyn’s

focus is a winch retraction mechanism utilizing a Kevlar
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ABSTRACT

This report describes a tether retraction mechanism to
vary the distance between two modules of a Variable
Gravity Research (VGR) facility.

The VGR consists of two manned modules tethered
together, with one module containing the retraction
mechanism. The modules have a maximum and equal mass of
28, 000 kg each. The external dimensions of the modules
are 4.57 m in diemeter by 18.29 m long. These dimensions
are the maximum payload envelope of the space shuttle.

A maximum of 3 RPM, at a minimum module separation of

200 m, yields synthetic gravity of 1 g. The module
separation can be increased by deployment of tether,

reducing the rpm and the synthetic gravity to a mininmum
of 0.1 g. This occurs at a module separation of 440 m.

The retraction mechanism consists of two titaniun@g
grooved winch drums designed to store 270 m of 0.025 m
Kevlar- 29 tether. The maximum retraction/deployment rate
is 0.50 m per minute, allowing complete retraction in an 8
hour period.

diadle
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IRTRODUCTION

The purpose of the contract between NASA and Astrodyn
is to do research towards the development of a variable
gravity research facility. Astrodyn’s specific focus is
the retraction mechanism. This facility will be used to
study the effects of 1long term exposure to reduced
gravity.

The specific parameters specified by NASA that
Astrodyn must adhere to include:

- the use of a tether between two manned modules
- a synthetic gravity range of from 1 to 0.1 g
- a maximum of 3 rpm to prevent motion sickness
- a minimum module separation of 200 m to
prevent coriolis acceleration effects

Astrodyn concluded that the following additional
parameters be specified:

- the modules must fit assembled into the space
shuttle cargo bay for a minimum number of shuttle
launches :

— two tethers be employed for safety

- the winches be mounted at extreme ends of the
module for stability

These parameters proved to be realistic, and acceptable
in this application. The orbit has not yet been determined
which prevents Astrodyn from having temperature data from
which to specify tolerances.




BUSINESS/MARKETING

This is a NASA project, contracted to Astrodyn, to be
used to determine the long range effects of reduced
gravity on humans.

This project is financed by NASA. The 1limits of
financial investment were not specified, although we
established that only the finest materials and equipment
should be employed. Therefore, cost was not a primary
factor with respect to design specifications.

NASA has not indicated who will build the retraction
mechanism. The estimated cost per winch is $80 689. This
does not reflect OEM prices. ~

Appendix C contains tabulated price information, and
estimated manufacturing costs.
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TECHENICAL INFORMATION
VARIABLE GRAVITY RESEARCH (VGR) FACILITY:

The VGR facility consists of two manned modules
connected by two tethers. One module will contain two
winches, at opposite ends of the module, parallel and
staggered about the module centerline. These winches are
not in a controlled environment (fig 1).

The range of synthetic gravity is from 1 g at 3 rpm and
a module separation of 200 meters, to 0.1 g at 0.63 rpm
end a module separation of 440 meters. Conservation of
angular momentum causes the reduction of rpm. The
initiation of rotation is provided by thruster rockets,
which are also used to restore rpm lost to friction [1].

Selection of two winch/tether mechanisms:

1) increases the VGR stability over a single tether

2) prevents fatal separation of the modules in case of
a tether fracture

3) eliminates the need for a powered tether guide
system by assuring a fleet angle of less than 1.5
degrees [2].

Each module has a maximum operational mass of 2 00 kg
and external dimensions of 4.57 m in diameter by 18.29 m
in length. These dimensions are the largest allowable
that can be launched assembled, except for solar panels
and antennas, in the space shuttle. The mass figure is
based on new projections of the meximum shuttle payload
capacity [3].

Our intention was to minimize the number of trips into
space and assembly time in space. The external hardware,
(solar panels, etec.) will be inside the modules during
launching, and attached in space. The only other assembly
in space involves the connections of tethers to the module
not containing the retraction mechanisms.

The floor space is 37.0 square meters, plus 6.20 square
meters in each of the two decompression chambers (fig. 1).
These are based on a wall thickness of 0.20 m and a floor
width of 2.90 m.

A potentiel docking system could consist of a ski 1lift
type arrangement running along a tether. This could be fed
supplies with the space shuttle’s cargo bay arm while at
the center of rotation. It could also be used for
transportation between modules. Rotation of +the VGR
system could be maintained during supply transfer.

-5
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10

The tether meaterial is braided Kevlar 29. The
diameter is 0.025 m, plus a 0.00025 m protective Teflon
coating. This is a product of DuPont Chemical Company.
Information about Kevlar 29 was received from Cortland
Cable Co. [4]. A total of 940 meters are required,
including the 12 dead wraps on each drum.

Denver Aerospace performed tests and found a tensile
strength loss of 31% from 6 months of exposure to hot
sunlight [5]. The Teflon coating provides the necessary
ultraviolet ray protection, for an expected 1life of 6§
years. This assumes no damage or excessive wear to the
jacket or tether.

The force required to initiate the VGR rotation is the
use of small thruster rockets. This force as well as the
wear on the cable from space debris, requires a tether
safety factor of 10 [6]. This also allows the remaining
tether to have adequate strength to prevent a fatal module
separation if one tether fractures.

There are applications where tethers are used to
generate electrical power as they cut through the magnetic
field of the earth. This requires tether lengths greater
than our application. Therefore, our tethers are not
conductive. A benefit of a nonconductive tether is the
reduction of electrical polarization of the VGR (5],
although, electrical connections are required between the
modules to eliminate static charges that disrupt radio
transmissions. This is beyond the scope of this design
project.

= 1D
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WINCH ASSEMBLY:

The diameter of the drum is 0.750 m, based on the drum
to tether diameter ratio of 30 to 1. This ratio was
recommended by Cortland Cable Company [{4], a supplier of
Kevlar 28. The width of the drum is 1.525 m, based on the
ability to retract 270 m of tether with & maximum of 4
layers. Three layers is a standard maximum to prevent
tether from dropping between the wraps of the previous
layer. But, this drum employs grooves developed by the
Lebus company [7] which allows 4 layers. The drum has a

. &8roove depth of one half the tether diameter (fig. 2).

The material selected for the spiders and drum is Ti-
6A1-4V. This alloy exhibits a strength to weight ratio
twice that of aluminum, and a coefficient of thermal
expansion one third that of aluminum [8]. The spider on
the gear end of the drum is 0.007 m thick, while the
opposite end is 0.01 m thick. The former can be thinner
due to the location of the lock and pinion gear which
assume the majority of the load when the tether leaves
from that end of the drum. A heat treated version of Ti-
6Al-4V was selected for the drum shaft for additional
strength. The drum, spiders, and shaft have safety factors
of 3.5. To attain this, the drum shaft has a 0.70 m
diameter, over its entire length of 1.843 m.

The drum shell thickness is 0.025 m. To ensure the drum
meets the required safety factor, ground testing must be
performed. This is because of the statically indeterminant
nature of drums under external loading.

The spider on the gear end of the drum is welded to the
drum on the inside around the circumference. The other
spider is welded on both the inside and the outside, the
later which is contoured to the shape of the groove. Both
spiders are welded to the shaft inside and outside. The
spiders each have 5 holes 0.175 meters in diameter which

serve as access to the inside of the drum, and for weight
reduction. :

=1
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DRIVE GEARS/LOCK ASSEMBLY

The driven gear is a 20 degree, stub involute spur
g€ear, with 64 teeth. It is 0.106 m wide and has a pitch
circle diameter of 0.800 m. It is halved for ease of
replacement while the winch is under load. Each half is
bolted to the end of the drum shell with 22 bolts of 12 mm
diameter. The gear itself has a safety factor of 2, while
bolts have a safety factor of 3.5. The gear safety factor
was reduced for weight considerations and because it is
removable for periodic inspection or replacement without
stopping VGR rotation.

The drive or pinion gear is 0.103 m wide and has a
pritch circle diameter of 0.225 m. It is attached directly
to the output shaft of the speed reducer, and has a safety
factor of 2.

The drive motor and speed reducer has a brake assembly
which brakes through the drive gears. This brake is able
to prevent the winch from rotating in the maximum load
condition.

In addition, there is a mechanical lock mechanism
which locks the winch gear in place (fig 3). This 1lock
will assume the whole breking 1load during stationary
conditions, and will default to the 1locked position in
case of electrical failure, or any time the winch speed
exceeds a preset maximum. The safety factor on the lock
mechanism is 3.5.

DRIVE MOTOR/SPEED REDUCER ASSEMBLY:

The design of the speed reduction assemhly, motor, and
control circuits are beyond the scope of Astrodyn’s
contract. The torque required at the output shaft is 17600
N-m at 0.7 rpm. This allows for the complete retraction of
240 meters in an 8 hour period, at the retraction rate of
0.50 meters per minute.

A safety factor of 2 is recommended; along with a duty
cycle that allows for 8 hours of continuous operation. It
is required that the assembly include a brake that is able
to hold the winch in position during maximum tether 1load
conditions.

All components must be made of material that resists
vacuum welding, and can maintain dimensional tolerances
over the temperature range of + 93 degrees C. Also, the
motor must require the minimal amount of additional
equipment to convert the available power source to a
usable form.

I-13
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BEARINGS/MOUNTING:

Bearings used in a space environment require dimen-
sional stability over a temperature range of + 93 degrees
C. Because fluid 1lubricants evaporate in the vacuum of
space, teflon or comparable materials are required in the
area of contact and wear. Also, the pressure and vacuum
tend to cause vacuum welding and the bearings must be of a
material proven to resist this tendency.

Hard Chromium / PTFE bearings were selected from Elges
Bearing Co [29]. They are self-centering, self-
lubricating, radial spherical plain bearings. The same
bearings and housings are used for the drum shafts and to
support the output shafts of +the speed reducers. The
bearings, housings and bolts have a safety factor of 3.5.

Each bearing housing is made of Ti-6Al1-4V. The
tolerance between the housing and the shell is a press
fit, with a snap ring installed for added safety. The
housings are bolted by 4 bolts each of 12 mm diameter to
beams running perpendicular to the module length. The
mounting is such that the winch 1load pulls the bearing
housings towards the beams, preventing tensile locading of
the bolts (fig. 4). All bolts and nuts safety wired, by
standards set for general aviation aircraft airworthiness
standards, as the method to prevent loosening.

RETRACTION RATES:

This VGR station requires a retraction of 240 meters of
tether per winch. The rates were set from considerations
of power requirements and time of retraction. A rate of
0.50 meters per minute allows full retraction in an 8 hour
period, and requires 2.6 KW total power. The output shaft
of the gear reduction must transfer 17590 N-m of torque at
0.7 rpm.

The retraction mechanism control system is not within
the scope of Astrodyne’s contract.

=15
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CONCLUSIONS

On the basis of Astrodyn’s research, a VGR with the
stated specifications will fulfill the requirements of
achieving synthetic gravity of 0.1 g to 1.0 g. The
available living space specified has been discussed with
Mr. Charles Walker, and was viewed as realistic and
acceptable for the type of space station. Also, it was
deemed reasonable to stop rotation of the VGR for docking
procedures with the space shuttle.

The orbit has not yet been determined which prevents
Astrodyn from having complete temperature data from which
to specify tolerances.

Ground testing of the winch drum is required as it is
statically indeterminate, when externally loaded.

[ —11
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NOMENCLATURE

Coriolis acceleration: An acceleration which, when added
to the acceleration of a object relative to a
rotating coordinate system and to its centripetal
acceleration, gives the acceleration of the object
relative to a fixed coordinate system.

Drum: A horizontal cylinder around which cable is wound
in a hoisting mechanism.

Dead wraps: Initieal wraps placed on the drum to reduce

the load on the attachment anchor. These wraps are
never removed when there is tension on the tether.

Fleet angle: In hoisting, the included angle between the
tether, in its position of greatest travel across the
drum, and a line drawn perpendicular to the drum
shaft, passing through the center of the attachment
to the opposite module.

Layer: One complete set of wraps the length of the drum.

Spiders: An outside circular disk that contains the
tether on the drum.

Wrap: One complete revolution of a cable around a drum.

I—Ip
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APPENDIX A
SYSTEM SPECIFICATIONS

VGR SPECIFICATIONS:

1)
2)
3)
4)
5)

6)
7)

8)

9)

10)

11)

two manned modules connected by +two tethers

no particular docking capability prescribed

stable rotational system

synthetic gravity range: 0.1 to 1.0 g

synthetic gravity levels altered by the principle
of conservation of angular momentum

maximum system rotation of 3 rpm

maximum module mass 28 000 kg each, in operational
form.

modules fit inside the cargo bays of the existing
space shuttles: Each module’s outside diameter is
4.57 m, and is 18.29 m long.

one module contains both winches, at opposite
ends of +the module, parallel and staggered about
the module centerline. The retraction system is
not in controlled environment (Fig. 2).
decompression chambers at the ends of each module
are 2.20 m long by 2.82 m wide. Each chamber’s floor
space is 6.2 sq meters. (These numbers are based on
a wall thickness of 0.20 m).

available floor space for each of the manned areas
of the modules is 37 sq meters (based on wall
thickness of 0.20 m) ‘

1—3D
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TETHER SPECIFICATIONS:

1)
2)

3)
4)
5)
6)

Braided 0.025 m Kevlar 29 cable

A teflon jacket of 0.00025 m thick for ultraviolet
ray protection

A total of 940 meters is required.

12 dead wraps are used [4].

Expected life of 5 years

Minimum safety factor of 10.

WINCH ASSEMBLY SPECIFICATIONS:

1)
2)
3)
4)
5)
6)
7)

8)

Each drum, spider, gear and shaft is made of
titanium alloy Ti-6A1-4V.

The drum has Lebus Company developed single step
grooves, with a depth of one half the tether
diameter.

Drum to cable diameter ratio of 30 to 1: drum
length of 1.525 m by 0.750 m diameter at the bottom
of the drum grooves (Fig. 2).

Minimum drum thickness is 0.025 m.

The gear end spider thickness is 0.007 m, and the
opposite spider is 0.010 m.

Shaft diameters are 0.070 m and are 1.843 m long.
The tether to winch attachment consists of gluing
the tether inside a curved pipe which is bolted
into the drum in a winch groove.

The drum, spiders and shaft have a safety factor of
3.5.

=31 |
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DRIVE/LOCK SPECIFICATIONS

1)

2)

3)

4)

The drive gear is 0.106 m wide, 20 degree stub
involute, spur gears. Pitch circle diameter of 0.8
m. The gears are halved and bolted through the
spider to the drum shell.

The pinion gear is attached to the output shaft of
the speed reducer and has a pitch circle diameter
of 0.225 m.

A mechanical lock assumes the whole braking load
when the drum is not rotating, and defaults to the
locked position in case of power failure or if the
drum exceeds a preset maximum rpm.

The gear has a safety factor of 2, while the bolts
and lock components have a safety factor of 3.5.

DRIVE MOTOR AND SPEED REDUCER SPECIFICATIONS

1)
2)
3)
4)
5)

6)

The 0.07 m diameter output shaft must provide 17600
N-m of torque at 0.7 rpm.

The motor and reducer assembly shall include a
brake assembly able to hold the winch in position
through the speed reducer.

A minimum safety factor of 2

A duty cycle which allows continuous retraction for
the entire 8 hour period

The components must be able to withstand the
temperature extremes of an uncontrolled
environment.

The motor must require the minimum amount of
equipment to convert the available power.

BEARING/MOUNTING SPECIFICATIONS

1)
2)

3)
4)
5)

6)

All bearings must be self lubricating.

Dimensional tolerance must be stable for a
temperature range of + 93 degrees C.

A minimum safety factor of 3.5 for the bearings,

housings and bolts

Mounting must be such as to not subject the bolts
to tensile loads.

All bolt heads and nuts will be drilled and safety
wired as prescribed by aircraft airworthiness
standards.

The bearing and housings for the drum shaft will be
the same as those used to support the output shaft

of the speed reducer.
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APPENDIX B
MATERIAL SELECTION
WINCH COMPONENTS:

The titanium alloy Ti-6Al1-4V was chosen for the winch
components because of its proven excellence in aerospace
applications [10]. Of all the titanium alloys, Ti-6Al1-4V
is by far the most commonly used because it offers the
best balance of:

- strength

- ductility

- temperature resistance
- corrosion resistance

Compared +to aluminum alloys, titanium provides a much
g€reater temperature resistance, and a doubled strength to
weight ratio. 1Its thermal expansion coefficient is one
third that of aluminum [8].

TETHER:

Braided Kevlar 29 tether was selected from studies of
tests performed by Denver Aerospace for use in similar
situations. They found it to be, for their own use,
superior to all other tether materials currently
available, and highly recommended it to Astrodyn for this
aprlication. Technical information was obtained from
Cortland Cable Company.

The benefits of Kevlar 29 include:

- strength to weight ratio 5 times that of steel

- three times stronger than Nylon and Polyester per
cross sectional area

- a low coefficient of expansion at -1.1 % 10°-6
per degree Fahrenheit

- 33
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APPENDIX C
COST ANALYSIS
; imate Raw Material Cost incl

Part Dimensions (m) Weight (kg) Cost (%)
Spider 1 0.007 x 0.94 x 0.94 27.9 2 008
Spider 2 0.010 x 0.84 x 0.984 39.8 2 844
Shaft 0.076 dia. x 2.03 41.1 2 502
Drum 0.045 x 1.55 x 2.40 745.7 32 800
Lock Shaft 0.076 dia. x 0.23 7.7 286
Pillow Blocks

(4) 0.61 x 0.10 x 0.20 122.7 3 468
Miscellaneous 166

Sub total $44 174

Part Cost ($)
Driven Gear , 2 500
Drive Gear 1 000
Bearings (3) 750
Tether | 23 440
Bolts/Nuts 1 520
Miscellaneous 625

Sub Total $29 835
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Total 6 680
TOTAL COST FOR ONE WINCH ASSEMBLY $ 80 689
TOTAL COST FOR TWO WINCH ASSEMBLIES $ 161 378

The complete breakdown of the cost analysis is attached
on the following pages. The corresponding parts 1list is
found in Appendix D.

- 35
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ASTRODYN PARTS LIST PAGE_LOF_L‘
PROJECT NAME/NUMBER NASA CABLE TETHER SYSTEM/701

REVISION PARENT NAME WINCH
PARENT NUMBER 101

% g PART NUMBER U/I QTY. PART NAME g
N R v
E M 1 23456

1 A 1000 EA 2 WINCH ASSEMBLY

2 B 1020 EA 1 DRUM ASSEMBLY

3 B 1040 EA 1 DRUM

4 A 1080 Kg 436 PL - 40mm Ti 6Al1 4V

5 B 1100 EA 1 DISK

6 A 1120 Kg 33 SH - 7mm Ti 6Al 4V

7 B 1140 EA 1 DISK

8 A 1160 Keg 47 SH - 10mm Ti 6Al 4V

9 A 1180 EA 1 SHAFT, DRUM
10 A 1200 Kg 35 SFT - 70mm Ti 8Al1 4V
11 B 1220 EA 1 GEAR, SPLIT
12 A 3GM12120 EA 22 HX HD CAP SCREW
13 A 1260 EA 2 MOUNT ASSEMBLY
14 A 1280 EA 1 BEARING MAIN
15 A 7JM78 EA 1 SNAP RING
16 B 1300 EA 1 PILLOW BLOCK

17 A 1320 Kg 13 PL - 82mm Ti 6Al 4V

18 A 1340 m 470 CABLE - 25mm dia. (Kevlar 29)
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ABTRODYN PARTE LIBT PAGE 2 OF_3
PROJECT NAME/NUMBER NASA CABLE TETHER SYSTEM/701
REVISION PARENT NAME  WINCH
PARENT NUMBER 101
L F R
I O  PART NUMBER U/I  QTYV. PART NAME E
g 5 123458 Y
19 B 1360 EA 1 LOCK ASSEMBLY
20 A 1380 EA 1 SOLENOID, DC
21 B 2440 EA 1 BRACKET WELDMENT
22 A 2480 EA 1 BOTTOM MOUNT
23 A 2510 Ke 0.5 SH - 7mm Ti B6Al 4V
24 A 2480 EA 1 TOP MOUNT
(. 25 A 2500 EA 1 BLANK
26 A 2520 Kg 0.5 SH - 7mm Ti B6Al 4V
27 B 1380 EA 1 WELDMENT, LOCK
28 B 1400 EA 1 SHAFT, LOCK
29 A 1215 Kg 4 SFT - 62mm Ti 6Al 4V
30 A 1410 EA 1 BAR, LOCK
31 A 2530 Ke 1 PL - 26mm Ti BAl 4V
32 B 1420 EA 1 PILLOW BLOCK
33 A 1440 Kg 22 RECT - 125 x 168mm Ti BAl 4V
34 A 3GM1090 EA 1 ACTIVATION ARM
35 A 1480 EA 1 SOLENOID YOKE
38 A 1500 Kg 0.5 RECT - 28 x 19mm Ti 6Al 4V

@
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PAGE_3_OF_3

ASTRODYN PARTS LIST
PROJECT NAME/NUMBER NASA CABLE TETHER SYSTEM/701
REVISION PARENT NAME  WINCH
PARENT NUMBER 101
L F R
I O PART NUMBER U/I  QTY.  PART NAME E
N R | v
E_ M 12345086
37 A  3GM820 EA 4 HX HD CAP SCREW
38 A  1DMS EA 4 NUT
33 A  3GM616 EA 2 HX HD CAP SCREW
40 A 1520 EA 1 DRIVE ASSEMBLY
41 B 1540 EA 1 DRIVE GEAR
42 B 1300 EA 1 PILLOW BLOCK ()
43 A 1320 Kg 13 PL - 82mm Ti 6Al 4V
44 A 1280 EA 1 BEARING MAIN
45 A 1700 EA 1 ANCHOR
46 A  3GM1050 EA 12 HX HD CAP SCREW
47 A 3GM1230 EA 4 HX HD CAP SCREW
48 A  1DMI0 EA 12 NUT
49 A 1DM12 EA 4 NUT
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TO: Dan Ewert

FROM: Team 702, Tube Tethered Variable Gravity Research
Space Station.

SUBJECT: Final HReport

fAttached ie the final report for the Tube Tethered
Yariable Gravity Space Station. This report contains
information on the Tube Tethered Variable Gravity Research
Space Station designed by Team 702.

SINCERELY,

2 Gl

JOEL PFLIGER
(Current team leader)

DATE: 4. DJu/- 3‘7
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1.0 Abstract

This report presents the resulte of a variable gravity
research space station design. The report provides a market
analysis, design descriptiony and explains the advantages and
disadvantages of using the Space Shuttle External tanks for the
station.

The space station is constructed from intertank and hydrogen
tank secticons from the Space Shuttle’s External Tank. These
sections are connected in space to form a tube. The space
station rotates arcound its longitudinal center to produce the
simulated gravity. A floor is placed in each hydrogen tank and
by changing its radial poesitions the simulated gravity is varied.
The fleor travels on tracks attached to the hydrogen tanks inner
walls and is driven by electric motors. ‘
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2.0 Mission statement

The mission of team 702 is to design a variable length
tube tether arrangement for a low earth corbits variable gravity
research space station. The design will include a description of
the tube tether and its corresponding extension/retraction
mechaniem. The final product of team 702 will be a set of
detailed drawings and a nonoperating model of the tube tether and
extension/retraction mechanism.

2-6



3.0 Results/Conclusions/Recommendations

The space station provides simulated gravity from .1 to 1 g.
excluding gravity levels between .307g and .379g and gravity
levels between .616g and .6%21g . A control environment is
provided where the gravity level is 1+/— 0.065g. This design
meets the requirements for a variable gravity research station,
but the amount of work required to assemble it in space is a
disadvantage.

We recommend that this design be continued with emphasis on
simplifying the construction process required in space. We alsac
recommend that a 1/10 scale model of the station be tested in
space to determine its stability. Placing the additiconal
components within the hydrogen tank before launch may have an
effect on the averall performance of the space shuttle during
launch. An analysis is recommended to determine the degree of
this effect.

The estimated cost of this project is $79,000.00 in 1987
dollars, with an uncertainty of /- $10,000,

Due to the special nature of this project. The direct labor
rate and overhead cost were not included. The total number of
hours for fabrication was estimated to bef1894.54.

2-7



3.1 Decsign concept advantages and disadvantages.

Advantages
a Frovides variable gravity between .1 and 1 g.
c Uses existing Space Shuttle External tanks as primary
components.
ol Provides an earth gravity environment as a contreol

environment for variable gravity experiments.

o] Allowse experimentaticon at up to six gravity levels
simultanecusly.

Iu] Has separate compartments for safety.

o Pravides 2211.6 square feet of laboratory floor space.

c Allows for docking without interrupting experiments.
Disadvantages

o Exvcessive EVA required for assembly.

c Missicn profile to carry tanks to orbit not yet

validated.

2-8
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The need for the space station arises from the harmful
physiclocgical effects on pecple living in zerc gravity conditions
for extended pericds of time in space. For examples after eight
months in space, Soviet cosmonauts were so weak they could nct
walk for five daye and so uncoordinated they could not walk a
straight line. Their hearts were tooc weak to supply blood to
their brains when they stoocd and their bones had undergone
decalcification which would make them dangercusly brittle after &
longer journey. Therefore man can not endure more than eight
months in zero gravity and do useful work scon after he returns
to a gravity environment.

. 4.0 BHackground

This raises the question: Why would men want to be in zerc
gravity for eight or more months? The often menticned "need for
man to explore the unknown" is debatable. The bottom line is
that man will go on long space journeys to explcoit the vast
material rescurces on Mars. in the asteroid belt and beyond. It
iz not economically feasible to explcoit those rescurces nows but
a combination of a growing population on earth and diminishing
availability of materials already on earth will eventually make
it sa. When it does, astronauts will be on space journeys
ranging from eight months for a trip to Marss toc over a year for
a trip to the astercid belt.

; : Because of the previcusly mentioned effectss astronauts will
. require scme degree of gravity. The gravity required is expected
to be less than the gravity on earth but nc one knows how much
less. It is alsc desirable to determine if man can live on the
moons which is one—sixth the gravity on earths, or Mars, which is
.- ene—third the earth’s gravitys, for extended pericds of time.

9.0 Market Analysis

To answer these physiclogical guestions, NASA needs a
variable artificial gravity research station. At this time there
is only a need for one research station and it is scheduled to be
deployed in the year 2003.

Blade Aercospace®s bid providefor completion of the

variable gravity mechanism. Costs e project have been
estimated at $79000.00 with a standard 15% profit margin.
L oo
Production of the research station W&f{bg; subcontracted
after Blade Aercspace completes design work on the variable
gravity mechanism. Final distribution of the system will consist
of delivery to NASA s kKernedy Space Center in Florida.

2-9



6,0 Corialis Effect

The use of rotation to produce centripetal acceleration as a
substitute for gravity has undesirable physiclegical effects.
They are caused by coriclis accelerations sensed by a person
movivg inside the rotating space station.

Coriolic accelerations cause motion sickness because of
their effect on balance mechanisms of the irnmer ear. There are
four conditions under which coriclis accelerations cccur:

1) moving along a radius drawn from the center of rotation,

2) moving tangential to the rotation,

3) "nodding”" the head cut of the plane of rotations and

43 "tipping" the head from side to side.

Coriclis acceleration is a function of the rate of rotation.
According to the Report of the National Commission on Space,
alicwable rotation rates from 1 to 10 revolutions per minute will
probably be acceptable. Earth simulations of a rotating space
staticn show that moest persons are not affected by rotation rates
up toc 3 RFMs therefore the Variable Gravity Research Station has
heen sized using 3 RPM as the design retaticnal speed.

2-10
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‘ 7.0 Tube Description

7.1 General description

The tube is assembled in space from Space Shuttle ET
companents already in orbit. Six intertanks.: six hydrogen tanks
and two Aft Manned Compartments (AMC) are commected in series as
shown in figure 1 on page 13.

The tube has a fixed laboratory at each end. These
laboratories are located in the AMC's which are attached to the
external tank pricr to launch. This concept is described in the
"Space Shuttle External Tank Habitability Study"” done by Space
Habitation Design Asscciates. These laboratories are at a 1 +/-
0.065 g environment to act as a control environment to the
reduced gravity experiments. All large mass items such as
computers, heating and ventilating equipment, and storage will be
placed in these fixed laboratories.

The tube rotates with a constant angular momentum while the
angular velocity varies slightly between 2.90 RPM and 3.10 RFM
due to floor movement.

Our design leaves room for a despun docking port at the
center of rotation. Docking is feasible at that loccations but
beyond the scope of our design mission.

‘ 7.2 Ligquid Hydrogen tank connection.

The structural connection between the liguid hydrogen tanks
uses the existing intertank without modification. The strength
built intc the intertank, based on loads imposed during launchy
provides a safety factor of approximately 12. Use of the
intertank will alsc eliminate the need to carry additional
structural connections intoe space.

The ligquid hydrogen tank must be moedified by the
manufacturer tc allow the end to end comnection. This
modification consists of adding a flange at the hydrogen tank’s
aft end to match the flange at the forward end of the intertank.

At the hub. two intertank thrust panels are bolted end to
end on opposite sides of the tube. The other panels are removed
to provide an opening for a Space Shuttle decking tube. Figure 2
on page 14 shows the structural connection at the hub.

7.3 Intertank access tube

Access between the tanks is through a 36 inch diameter
alumivum tube bolted to the manhcole fittings using the existing
bolt hole pattern as shown in figure 3 on page 15. The location
of the aft manhcole on the liguid hydrogen tank must be changed by

2-11
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the ET manufacturer sco it aligns with the ferward manhole. |
Manhole alignment allows for an elevator to be incorporated in
the station design.

8.0 Gravity varying mechanism

8.1 General description

A& moveable floor is placed in each hydregen tank. To vary
the gravity environment of the subjects, the distance from the
fleor to the center of rotation is changed. Figure 4 on page 16
shows the floor in the hydrogen tank. The floor structure is
placed in the external tank during hydrogen tarnk assembly and
temporarily secured. Once in orbits the tank is purged of
residual fuel, the floor structure igs detached from its mounts
and a one inch aluminum grate decking attached. Four drive units
move the floor along a gear—track system. The drive units are
electrically powered and controlled by accelerometers to maintain
a constant gravity level.

Due to the gecmetry of the hydrogen tank ends and the gap ‘
between hydrogen tanks, some gravity levels can not be obtained
unless the angular momentum is altered. It i assumed that not
all gravity levels will be needed. The gravity levels of
interests (1/3g for the moons and 1/6g for mars), are located
within the hydrogen tanks cylindrical portion.

8.2 Floor Structure

Figure 5 on page 17 shows the aluminum I-beam floor
structure. Floor drives are attached to the floor where the ends
of the main flocor beams connect. The smaller I-beams provide
suppert for the decking. All I-beam connections are weldments.

8.3 Floor Track Design

Four equally spaced floor tracks are attached to the
hydrogen tank’s major ring frames during hydrogen tank assembly.
Figure & on page 18 shows the flcoor track. Each floor track
roneiste of a rack with two guideways on its rear portien. The
rack is engaged by the floor drive’s spur gear. 1.9 inch wheels
following on the guideways hold the spur gear in engagement.
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8.4 Floor Drive

Each flocor is moved by four electric gear drive systems.

The fleor drive is shown in figure é6 on page 18.
reducer provides a 150 to 1 reduction and drives & 4 inch spur

gear. Since a worm gear drive system can not be back drivens
cther securing device is needed.

The worm gear

ik
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CHAFTER 4

{rientation of Spin
bry

fsrthony C. Lamo & Meark . Eagon

Definition of Topic

tation of spin is defined as folliows: How the VGF

will be zpun in relation to the orbital plamne of the earth.
How  the habitated modules tumble in relation to the spin

axis, and the earth.

Baciround Information
We will be using a three capsule system with the {two

outer modulss  being VE  and the center module to generate

power and to provide a docking point. We hnow that the
spin 80 as to produce artificial gravity. We must also
be able bto point the solar arrays towards the sun.

1
|

Fropoesed Mission Reguirements

15510

3

1 reguires that the VGF rotates on  an  adis

that iz feasible for long term orbit about the earth in such

K

@ WEy as  to minimize the need for spin-orientation

maintensnce.
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Froposed Method of Meeting Missicon Requirements

The proposed method of meeting the mission requirements
is to spin the VYBF so that the plane of 1ts rotation is
approdaemately one degree off the plane of its orbit about
the earith. The VEF is stabilized by giwving it & rotation
about its cgeometric axis A-A (figure 1) in the direction
indicated. A small and slow precession of this axis about a

fined Z-axis in space is observed, thus, resulting in a cone

of precessien.
This is a result of the physical dynamics of a rotating

body in  space. I+ spun in  this way the VGF will be
inherently stable and will continue in this motion with no
orientation adjiustment needed. The solar array for power
generation will move about the I-axis but only to a small
degree because of its ;lmse proximity to  the geometric
center of the V&F. Thus, a despun solar array will be
reqgquired to keep the power generation panels towards the
sur. This method will also result in an even distribution
nf coemic radiation over the surfaces of the living modules

as well as the central capsule.

Weight Estimate of Froposed Method
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Zpin orientation is not equipment dependent.

& srrnate Methods of Meeting Mission Reguirements

4.%.1 To change the plane of rotation approxamately ninety
deprees or so that it is about one dq?ree plus or minus from
the sarths swface. The orbital spin-dynamics would remain
the same  but  the living modules would receive an unegual
radiation igad. A possible solution to this would be the

acdaptation of a combination solar array/radiation shield

onto the surfaces of the living modules.

~

body Disscussion of Unresclved Issues

How will spin dynamics be affected by uneven weight
distribution in the VG modules?™ an answer to this problem:
might be the wuse of variable length tethers on the VGF, but
wowid have to be monitored constantly or automaticalily
computer controlled.

How will docking with the space shuttle be carried out
withh the end or the center capsule moving in a circular of

This might be done with the use of a

conical motion?
filexible, rubberlike docking tube that could be stressed and
twiasted with littie o no Force being exerted on the

z=pinning VGF evstem.
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Conclusion

The piacement of the VGBF in orbit is & very technical
oroclem. Certain laws of motion must be observed. fand
thirngs such as heat loading, rediation shielding, power
generation and docking must conform to these laws. It ie
felt that these problems can be overcome with more research
in speEcific areas. The iife sciences research that will be
conducted on board the VGF is essential if we are to explore

the heavens.
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Chapter 5
Central Capsule ‘
Scott Udell :

Kevin Cameroon

5.1 Definition of Topic

This chapter deals with the possible configurations of the central
capsule of the Varlable Gravity Research (VGR) facility (both internally
and externally).

5.2 Background Information

This report assumes a station confiquration as defined in the class
(Avit. 370, Space Studies II:VGR Facility, Spring Semester, 1987, Uni-
versity of North pakota) handout of 1/14/87, specifically a station
consisting of 3 modules (2 with pseudo-gravity, 1 central module)
connected via 2 support tethers. Modules will be sized to £it in the
space Shuttle cargo bay. The module dimensions will be 45.5 feet in
length, and 13.8 feet in dlameter (a cylindrical shape is assumed), as
specified in class on 1/14/87. It is assumed that at least a portion
of the central module will be "de-rotated®™ to provide a stable point
for shuttle docking.

Several guestions about internal central module usage need to be
considered:

1. Will the module support zero gravity research? .

This report suggests that zero gravity research be performed

in addition to the variable gravity research being performed in
the outer modules. Several documents that discuss
experiments/applications already in use, or planned for the
future, are listed in the bibliography (05002, p 1-32)
(05010)(05011) (05012).

The question has been raised "why even do zero-g research--
that's what the space station is for."” There are at least two
answers to that guestion.

First, the crew of the VGR facility will need something
to do--very little has been proposed in the way of variable
gravity research other than the physiological testing of the
crew--the people are the experiments. 8ince it is likely that
most of the evaluation of the results of this experimentation
will be performed by ground-based personal, it leaves very
little for the crew to do.

It has also been proposed that there is a need to study
the effects on humans of moving regularly between zero-g and
variable-g environments (to simulate living on a "gravatied®
station and working at a zero-g, say, construction site). If
some of the crew had daily (or at least often) work to perform
in a zero-g central module, such effects as mentioned above may

be studied. ‘
Secondly, the central module could be used for zero-g

research that might not be suited for the space station
environment. Since the central module is essentially isolated

5-1



from the two main habitation modules, it would be well suited
to either dangerous or just plain bothersome experiments. One
good example of this is zero-g animal research. Animals can be
dirty, smelly, and noisy; and in the close, connected confines
of the space station, they could quickly become intolerable.
If, however, they were placed in the central module of the VGR
facility, they would be out of sight (and sound and smell) of
the living areas of the station. The book Engineering and
Configurations of Space Stations and Platforms (05006, p 72-73,
102) describes facilities for animal/plant experimentation that
would take up approximatly half a station module (lengthwise),
assuming a station module diameter of 14.5 feet (external
surface to external surface) (05006, p 540) and an interior
height of 108 inches (05006, p 80).

Whatever the reason, zero gravity research space will be at a
premium, even considering the space station.

Will the central module be continuously manned (around the
the clock), will it only be used part-time (i.e. as a work/lab
area), or will it only be used as an unmanned module?

Even though class specifications called for possible stays
in the central module of up to 90 days, this report will assume
that the module will be used as a workspace and/or storage space
only, and that, except for emergencies (see below), all
habitation will be in the outer modules. This eliminates the
redundancy of toilets, food preparation, sleeping areas, etc.,
and makes room for functions that cannot be performed in the
external modules. This assumes that the elevator(s) between
the modules can operate in regular cycles (say, at least one
cycle an hour) between the center and outer modules, thereby
providing ready access to the facilities of the outer modules.

For emergencles, however, longer term habitation of the
central capsule may be needed. For this a "safe haven" should
be provided--up to 20 days of food, clothing, bedding, and
other supplies normally provided by the outer modules (05006,

P 105). Of course, if the central module is used as storage

space for the outer modules, the safe haven need not be
provided, since its function is already intrinsic in the
function of the central module.

Will the central module be used for supplies storage?

This report assumes neither yes nor no for this subject--
it has 1little effect on the overall external configuration of
the station; and storage and equipment racks could be placed in
either the central or outer modules (in most circumstances).

It must be noted that if supplies are stored in the central
module (espcially if it is used for all the facility's storage)
the elevator system must be reliable and able to operate fairly
extensively (as discussed above in 2.).

Will the central module be used to house equipment used by the
entire station (computers, communications equipment, etc.)?

As in 3., this report assumes neither yes nor no. There
are several advantages to this, however. By removing equipment
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needed by the entire facility, but not directly needed for
habitation (like a toilet is directly needed, but the main
computer is not), tv the central capsule, yet more room is ‘
opened up in the habitation modules (an important factor when
considering that crew will be living for perliods of up to two
years in modules of 318 square feet, maximum).

I1f the central module is de-rotated, it could also be used
for the external mounting of equipment such as radio antennae,
solar power equipment, and exterior scientific equipment
(telescopes, radiation monitors, etc.).

5. Will the central module be used for the storage of propellant
used in spinup and orbital manuvering?

This is a difficult question to answer. If spinnup is
accomplished using liguid fuel rockets mounted on the outer
modules, fuel, of course, will be needed in the outer modules.
However, fuel in the outer modules would need to be spun up
along with the rest of the mass of the modules, and since the
amount of 1liquild fuel needed is likely to be fairly large
(05016) (though, not as large as originally estimated (05009,
p 95-99)), fuel storage in the outer modules would not be
effective (in either space used or weight limitations).

Fuel placed in a de-rotated center module eliminates the
need of rotating the fuel's mass, and allows for more
habitation space in the outer modues. However, it creates
other problems-- f£irst, how to pump fuel from a non-rotating
central module out to rotating modules up to 320 feet away
through piping that must be able to change in lenght and that
can withstand extremes of heat, cold, radiation, and pressure; .
secod, how the de-rotation mechanism handles the large amount
of mass required by the fuel.

5.3 Proposed Mission Requirments

The central module (and also the outer modules) will be designed as
closely as possible along the lines of the space station module model.
This will save both design time and production effort (and therefore
money). As specified in section 5.2, the central module will serve at
least as a docking point for the shuttle.

Other requirements for the center module vary, depending on many
factors. Internal usage requirements also effect directly external
design--some things can not be done well (or at all) if the station
is designed in a certain way, and some external configurations are
very hard to implement if the centeral module is needed for some
internal purpose. For example, if the central module is used for
micro-gravity experimentation, the entire module will need to be
de-rotated to eliminate the (even minor) gravitational effects. This
would in turn dictate certain station configurations. The central
capsule docking facilities should be able to dock with free-flyers, have
Soviet dock capabilities, and should be able to receive an
astronaut/MMU (05014, p 8). It might also be wise to require that the
VG facility be "affordable by the private sector®™ (05014, p 14) and
have the ability to use "non-shuttle options”™ (such as heavy lift launch
vehicles now under development)(05017).
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5.4 Proposed Method of Meeting Mission Reguirements

The VGR facility will consist of a de-rotated central module with a

shuttle docking port at one end and another derotated member of
equivalent mass balanced opposite the first, with a rotating
central portion to which the tethers to the outer modules are
attached (see figure la). The outer, spinning modules, with this
configuration, will be mounted "in the spin plane for inherent
stability" (05013).

Configuration of the spinning component could be in three forms:

*A rotating axle of approximatly 50 feet in length to which
the tethers are attached (see figure 1b).

*A wider structure acting as the axle in the first method,
for better lateral stability during shuttle docking (see
figure 1c).

*The outer modules held length-wise and attached to a small
rotating portion of the central structure (see figure 14d).

5.4.1 Discussion of Proposed Method

This configuration has many of the same advantages and
disadvantages of that discussed in 5.5.3. It solves the instability
problem of the configuration discussed in 5.5.3 by orienting the
outer modules in the spin plane. It has the potential for being
less stable when docking with the shuttle, and the design of the
central rotating member would probably be much more complex.

The three sub-configurations of the rotating portion also have
various advantages/disadvantages. The first (figure 1b), with its
single-plece axle is much simpler than the second axle-type
structure as presented in figure 1lc, but probably much less stable
during docking. The second version is also much heavier. Both
versions must have the elevator operating from the center of the
outer modules instead of the ends, thereby necessitating airlocks 1in
the middles of the modules. This, in addition to taking up room,
introduces a large variation from the space station standard.

The third configuration is proposed to be the "configuration
of cholce.” This came about after hearing presentations by Dr. Brian
O'Leary and Major Alex Gimarc, a conversation with Major Gimarc, and
reading a paper by Major Gimarc. Both proposed that the rotating
modules be held length-wise. The other alternatives, according to
Major Gimarc (as seen in figures 1b and 1c) have the potential for
being unstable unless most of the mass of the modules is located in
thelr centers (05018). While the ideal configuration would be two
shuttle external tanks, as in Major Gimarc's paper (05014,
figure 8), to stay within class guidelines, standard space station
modules reconfigured for a length-wise orientation are proposed.

A configuration such as this was proposed by Dr. O'Leary (05019).
This configuration, divided up into 4-6 single-room 'floors' of
approximatly 49 sq. feet aplece provides about the same floorspace
as the configurations in figures 1b and 1lc, but has potential
negative psychological effects (although this has not yet been
ascertained).

The "other derotated member"™ mentioned in 5.4 is necessary to
insure that the center gravity for the faclility is correctly
positioned (05018). While this member must be of nearly the same
mass as the maln central module, it could be any of a number of
other items, including:

*another central module, exactly the same as the first.
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5.4.2

*a fuel/supplies storage module

*a solar power array (either photovoltalc or solar dynamic)

*a nuclear power generator ‘

*an OTV facility

*a non-preasurized sclentific platform, or a telescope
If we conform with the suggested standard of using only space
station modules for all our modules, a minimum of 5 flights would
be needed to place this configuration. 1Ironically, using the ETs
for the outer modules (thereby providing much more space than space
station modules and the ability to perform experiments at several
different gravity levels at once) reduces the number of flights to
a maximum of three.

Such a configuration would alleviate several problems. First,
it would provide clearance for the shuttle's tail, which is
approximatly 25 feet high (05007, p 7.4-7.5)--a major problem when
rotating tethers are involved. Secondly, by extending the center
module away from the tethers, large arrays of external equipment
(solar panels, antennae, etc.) can be mounted and repaired without
the problem of tether interference. Thirdly, this design would
be much simpler to de-rotate--the whole capsule is de-rotated.
Fourth, the reels to wind up the tethers could be mounted on the
central rotating member, creating more room in the outer modules,
although "live" tethers (reels at both ends) might be desirable for
safety purposes (05014, p 8). Fifth, having a central rotating
member that is not a part of the central module eliminates many
of the problems with having the tethers connected directly to the
central module (see section .5.1, below).

Problems with such a design include:
*how to operate an elevator between rotating outer modules
and a non-rotating inner module.

*how to make connections between the rotating and
non-rotating capsules, especially in the case of
electrical connections. This is a falrly major problem--
fuel connections can be via rotating gaskets, but
electrical connetions (both for electrical power and data
transfer/communications) need to be constant. Satellites
by Hughes Aircraft apparently have rotating electrical
connections, so the technology does exist (05017).

Weight Estimate of Proposed Method

Space station modules will weigh (estimated) between 33,884 lbs up
to 55,305 1lbs, with most of the module weights falling in the upper
30,0001b range (05006, p 45). This report will assume a module
weight of approximately 38,000 lbs, and a welight for other pileces
(tether cables, elevator(s), axles, etc.) of approximately 20,0001bs
(a wild guess). This would give an approximate total weight of
110,000 1lbs (not including fuel or supplies). This would fit in
with the 4-shuttle flights limit imposed in class.

5.5 Alternate Methods of Meeting Mission Requirements

5.5.1

The first confiquration that came to the minds of students in the ‘
class consisted of two outer modules rotating about the central
module, with a de-spun docking adapter on one end of the central
module (see figure 2).
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5.5.2

5.5.3

Such a concept has many problems if it involves a de-spun
central module. Tethers would need to be attached to rotating
portions (rings) of the central module, which would be very
expensive to implement. The tethers would need to either pass
through the center capsule, which would mean tricky (and
unreliable) rotating preasure seals and a module design almost
completly different from that of the space station modules; or
to be attached on external rings, which means four seperate
tethers and very strong attachment points.

Even 1f the central capsule rotates with the rest, there
are still some problems. No sensitive zero-g work could be
performed, and it could be very hard to work in a module
rotating about you at a rate of 3 rpm.

There are also possible problems with orienting the modules
out of the plane of rotation (050013).

Another concept, originating out of JPL, took the "central
capsule" down to the bare minimum specified in section .2--

a docking position for the shuttle. The configuration was

two outer capsules attached via a single tether, with two
elevators. One of the elevators would have a docking position
on it, and could be positioned such that the docking port was
alligned with the axis of rotation, thereby making a mini central
capsule for the transfer of personal and supplies only (05008).

This concept is echoed by Gimarc--a 'central point' consisting
of only tether control, the elevator system, and a docking module
(05014, p 8).

The JPL proposal, if one doesn't consider the fact that its
"central module" has none of the abilities discussed in section
5.3, has very few problems. It would mean that the VGR facility
would be very cramped, however.

The VGR facility would consist of a de-rotated central module
with a shuttle docking port at one end and a rotating axle of
approximatly 50 feet in length to which the tethers are attached.
The elevator would operate off the ends of all the modules (docking
with space station standard airlocks)--thus the modules used could
be almost exact copies (externally) of space station modules, execpt
for tether and axle fittings (see figure 3).

A rigid axle structure (compared to a single tether attachment at
the end of the central module, with the other tether having no
central attachment) is necessary because forces caused by the
shuttle docking are significant enough to "£f1ip" the central module
up into the rotating tethers (05006, p. 126-127,149,188). With a
rigid axle, the whole structure may move (correctable with
positioning rockets), but the central capsule 1s no longer in
danger of crashing into the tethers.
Problems with this design include

*as with 5.5.1, there are possible stability problems

with orlenting the rotating modules out of the plane

of rotation.

*as discussed in 5.5.1, there are stability problems

caused by extending the central module without a balanced,

equivalent mass opposite it.

5.6 Discussion of Unresolved Issues
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Both alternatives 5.5.1 and 5.5.2 have the problem of the shuttle's
tall interfering with rotating tethers during docking. One
way around this is to have an extendable docking tube (05009, .
p 240)(05014, p 14), either carried by the shuttle or extended from
the central capsule's de-spun portion. Another possibility is a
"mobile module® that could be lifted out of the shuttle bay and
attached to the facility with the shuttle's arm (05014, p 14)
(05015).

The issue of gyroscopic effects upon the spinning station
caused by shuttle docking have not been studied. A way to get
around the forces of shuttle docking may be to use the shuttle's
robot arm to pull the shuttle into docking position, or to use
one of the alternatives discussed in the paragraph above.

5.7 Summary

5.8

Whatever the configuration choosen, a central module offers so
many benefits to its cost that it should not be discarded without
considerable thought. It does introduce more complexity into the
system (and more cost), but also much more flexibility. It allows
for potential station growth, and with a central module the VG
research facllity could be converted into a permanent orblting space
station with 1 g living facilities, or even into a lunar station or
a Mars mission vehicle.
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Chapter 6

Elevators
By

Kevin Cameron and Scott Udell

Section 06.1

Elevators @

This Topic Covers :
A means of getting from the outside module to the center
module; a means of getting from the center module to an outside

module.

All diagrams referred to in the following sections are found in

section 6.9.

Section 06.2

Background Information and Assumptions:

Since The center capsule concept is an integral part of how

the methods of getting to the center capsule and back are

conceptualized there will be parts of this report that will go

into depth of how the center capsule is desipgned.

The followinp assumption are made for the remainder of this

chapter; they are:




1. It is recessary to have a place in the variable gravity
station that is at zero G, because the object of this facility is

to study the physical reactions of different beirngs or matter

under all gravity levels up to one G.

2. Since the main variable gravity station is spinning, the
center capsule should counter spin. This spin should be at such -
a rate as to make it motionless to a vehicle approaching it to
dock, this vehicle coming from a standard orbit.

3. A spinning air tight seal is difficult to maintain. This
assumption was made on inspection of the nature of a spirming air
tight seal and is due to the lack of available reference material

on the subject.

4, Rll elevator designs will be designed to be implemented
inte the general design of the variable gravity facility given in
diagram 6. 1a. This is to give a standard reference to aid in

elevator design.

S. This facility will be in an orbit such that the low orbit
micro meteoroids will not be a problem. This is because the

earth has low orbit debris from previously objects put into

orbit.

6. There must be a way to get to each of the outer capsules.



7. There will be a standard airlock available.

Section 06.3

Mission Requirements:

The method referred to in this section is the method of

getting from the outer capsules to the center capsule and back.

1. The total equipment necessary to implement the method must

not fill more the two — fifths of the shuttle cargo bay.

This is to allow room for other final parts of the variable ‘

gravity station to be placed in the cargo bay.

2. The total weight of the equipment needed for this method can

not weigh over two — fifths of the shuttle carpgo bay lift

capacity.

-

Thie is to allow room for other final parts of the variable

gravity station to be placed in the cargc bay.

3. The method should be able to withstand a collision with a

A

small meteoroid concurrent with the specifications of the rest of

the station.




The strength and tolerance of the meth

od should be the same

as the rest of the station. If this section of the variable

gravity facility has a collision with anoth

er object, it will not

be disabled easier than the rest of the station.

4. The method should allow for any people
transferred from the shuttle to the center

transferred from the center capsule to the

This is to allow anything that may be
to be transferred to the outer capsules.

- - -

S. The method should allow a person to be

atmosphere that will support human life.

or carge that can be
capsule, to be

cuter capsules.

needed for operation

transferred in an

This is so there will be no need to have special transfeﬁ

containers to transfer animals. The though

method have an atmosphere that will support

t of not having the

human life, Just an

air lock at the end of each of the capsules, with a pathway of

some kind between capsules, was considered.

more problems transferring animals and supp

would deem that method practical.

6. Cost will riot be considered for this me

inspection, it is determined to be a reason

It was obvious that

lies would arise than

tﬁod unless, by

able factor.

Cost will not be a factor in designs presented unless, by



inspection, a part of the method is unreasonable to build because .
of cost. Rn example:
Developing a bread of reindeer that can fly cargo to this

statiorn would not be cost effective.

7. Any part of a method can be of any size or weight as long as

the total weight and size meet mission requirements one and two.

Any part can be any size, shape or weight as long as it fits
into the above described guidelines. It must fit in the shuttle

cargo bay.

Section 06. 4

.

Method of Meeting Mission Requirements:

All diagrams referred to in this chapter will be found in

section 6.9 after the references. They are represented as

Diagram #; this is an example:

Diagram 6. 4a

Looking in section 6.8 after the references the above

mentioned diagram would be followed by a diagram of the

cormection between the center capsule and elevator docking



module.

In this section:

1. A brief summery will tell how this method works.

2. An in depth review of how all of this methods parts
work.
1. Diagram 6.4 - is a diagram of the overall workings of this

method. The following brief summary will be based on this
diagram.

The elevator crawls up and down the elevator cables to dock.
with the outer modules or with the outer catch ring. When
docking with the outer modules it crawls against the outer
capsules the elevator is docked. This is nothing more than a
standard docking routine. There are no special connections. The
elevators are held on by the airlocks and the elevators own
weight. To get to the center module the elevator crawlers dock
to the shift guides. The_shift guides work as a bridge between
the elevator crawlers and the ;nner catch ring. The elevator
crawls off the crawlers and into the inner catch ring. The
elevator locks onto the elevator guides. It is spun by the inner
catch ring to the orientation of the center capsule. The
elevator guides push the elevator into the center capsule,
docking it. There is only one top to the elevator (The top is
indicated in diagram 6.4.). If leaving the elevator docking
module the top air lock must face in the direction of whichever

outer capsule the it is heading toward.



2. Diagram 6.4a represents the connection between the center
capsule and elevator docking module. At the end of the center
capsule there is a magnetic field. This magnetic field is given
of by the magnetic ring. A similar ring is on the docking
module. Together they allow the elevator docking module to spin
on the end of the center capsule. The counter spin of the center
capsule is controlled by an electromagnetic propulsion system.
This system is located at the end of the center module and is
implemented in such a way as to not block access to the airlock
at the top of the center capsule (Top and Bottom are described in
the referred to diagram.). The specifics of this electromagnetic
system will not be discussed in this report. This.-system will be
studied further in future reports.

At the end of the center module there is a standard air
lock. This airlock will be used to dock with the elevator. The
process of docking with the elevator will be discussed further,
later in this section.

The elevator docking module, represented in diagram 6. 4b, is
used to catch the elevator and spin it to the orientation of the
center module. In diagram 6.4c the outer catch ring is
represented. This part of the elevator docking.moduie
cont inuously spins with the outer capsules. It is noted that the
center capsule alsoc always spins in the opposite direction in
compliance with the assumpt ions made at the beginning of this
chapter. The shift guides also, in diagram 6.4c, on the outer

catch ring, have no moving parts they are permanently attached to

7



the outer catch ring. The shift guides allow the elevator to
crawl intoc the inner catch ring. working as a bridge from the
elevator crawler tracks to the inner catch ring. The elevator
crawler tracks will be discussed later in this section.

The shift guides also have locking wings which are stationaﬁy and
are permanently attached to the shift guides. These wings are
used as part of a docking mechanism on the elevator crawler
track, which will be discussed later in this section.

The inmmer catch ring, represented in diagram 6. 4d has three
elevator guides, fhe elevator locks onto these guides and is spun
to the orientation of the center capsule by the entire inner
catch ring. The hydraulic lifts then push the elevator into the
center capsule docking it. It is noted that the elevator guides
are fixed to the irmer catch ring in such a way as to allow them
to only be moved toward the center capsule and back by the

hydraulic lifts; they can not move perpendicular to this motion.

The elevator has three elevator crawlers, shown in diagram

6.4e, these crawlers are shape the same as the elevator guides
and line up with the shift guides of the outer catch ring. The
elevator crawlers in diagram 6. 4e have two grab wheels which have
a groove on them so that it pinches the elevator cabie between
itself and the elevator grab wheels. These elevator grab wheels
are driven by an electric motor. The motor is inside the
elevator crawlers and drives the grab wheels to cause the
elevator to go one way or another on the elevator cables. At the

top of the crawlers there is a elevator stop. This stop keeps



the elevator from running off the end of the elevator crawler. ‘
At the bottom is a docking mechanism which locks onto the wings

of the shift guides (The shift guide wings are shown in diagram

6.4c.). This allow them to dock to the outer catch ring so that

the elevator can crawl off of them, so that it can crawl into the

irmer catch ring.

The elevator, shown in diagram 6.4f, is 8ft in length and
has a diameter of 8ft. It is a symmetric cylinder. The airlocks
extend 1/2ft from the elevator. There are two airlocks, the one
on the top (The top is shown in diagram 6. 4f.) is for docking
with outer modules, the one on the side is for docking with the
center module. The elevator crawl wheels are equipped with
locking pegs which allow them to lock onto the elevator crawlers,
in the elevator grooves, in the peg wholes (The elevator groove .
is shown in diagram 6.4%4e.). The elevator is in line with the peqg
wholes when it pushed up against the elevator stop. The elevator
are shaped like a furmel to allow the pegs 1/2 inch leeway Qg;n
lined up with the elevatoh stop on the elevator crawlers. It is
noted that these peg holes are on the crawlers.

On both the outer capsules there are elevator cable winches
(This is shown in diagram 6.4g.). These winches are driven by
electric motors on the outer capsulas. Tha elevaicr cables pass
through simple pulleys that are in line with the three elevator
crawlers. The cable then passes through a small series of these

casters to guide it to the elevator cable winches located on the

on either side of an outer modules. I

A1l docking is done with standard airlocks. There is no

T



special locking mechanism at either of the outer capsules because
by inspection of the nature of the facility, the weight of the
elevators will keep them airlocked.

To increase the distance between the two outer modules, the

cable winches let out cable equal to the amount of tether being

let out. (060010)

Section 06.4.1

Discussion of Method of Meeting Mission Requirements:
Disadvantages to this are:

1. The exterior parts of this design will require EVA for

servicing. EVA is dangerous and expensive.

2. The elevator would have to be equipped with a drive system
to enable it to crawl on the cables. The batteries and other

necessary parts could limit room in the elevator.

3. Rll elevator drive parts and counter spin drive parts are
exposed to possible meteoroid coilision. if a meteoroid hit the
elevator docking module the entire elevator system could be
disabled. This would then cause the center capsule to spin,
making docking with the shuttle to get needed parts for repair

difficult.

&0



Advantages to this method are:

1. 1t does not take up any of the center capsule leaving the

entire center capsule for other use.

2. 1t has less mass than all other methods mentioned in this

chapter. This would allow room for more equipment to be brought
up with this shuttle load when this method is implemented. This

would also reduce cost proportionately.

Section 6.4.2

Weight Estimate of Proposed Method

Two — fifths of the shuttle carpgo capacity.

Section 06.5

The following is a brief summary of some of the designs in
this section. More complete descriptions of these designs are
given iater in this section.

Basically all designs can be grouped together and
interchanged. There are two different ways to get to an outer
capsule, by elevator or by a flexible accordion like tubes.

As for individual elevator designs there are two also. The

first type crawls back and forth on the elevator cables. This



type is not fixed to the cables. The other type of elevator is
the fixed to the elevator cables. The cables pull it back and
forth by way of winches located on one of the three capsules.

The last main part is the configuration of the end of the
center module. There are three different designs. The first
design spins the elevator to the orientation of the center
capsule. The next type works generally the same except it does
riot spin the elevator. Instead, it has a transfer module between
the center capsule and the elevator docking module which
transfers people from the spin of the center capsule to the spin
of the elevator docking module or vise versa. The final type has
three pressurized modules. It is essentially the same as the
last design discussed, except the elevator docking module is a
pressurized module equipped with docking ports on either side.

All of the parts described in the above paragraphs are
interchangeable on any design. The focllowing designs are just

some of the ways that these parts can be assembled.
Section 06.5.1

Alternate Method of Meeting Mission Requirements.

The magnetic rings in Diagram €.5.1a work the same as the
magnetic rings in the section 6. 4. The center module is spinming
at the same rate as the cuter module, accept irn the opposite
direction. The transfer module shown in diagram €.5. 1b has

airlocks at both ends. Its purpose is to lock on to the center

b~ 13



module or the elevator and dock with it. For instance; if an '
astronaut was in the center capsule and needed to get to the
elevator, the transfer module wouid lack onto the center module
and dock to it. He then could open the airlock and enter the
transfer module, thus leaving the center module. Once in the
transfer module he would secure himself and any cargo he might
have with him. The transfer module would then let go of the
center module and lock ontc the elevator docking module. This
action would cause the transfer module to spin at the same rate
as the center mgdule, but spinning in the opposite direction.
After the elevator has entered the elevator docking mcdule it
docks with the transfer module. The astronaut can then open the
airlock and enter the elevator.

The elevator dockivng module shown in diagram 6.5. 1c rotates .
with the outer capsule at all times. The elevator is pulled into
the elevator cable guides by the elevator cable winches
(described later). The elevator guides then clamp onto the
elevator. Each elevator guide is equipped with a hydraulic
system which allows it to move from the start position (see
diagram) to the extended position (see diagram). This docks the
elevator to the transfer module. This process is repeated in
reversa o separate the elevator firom the transfer mcdule.

The elevator in this design is fixed to the elevator cables,
elevator depicted in diagram 6.35.1d. The elevator in this design
does not crawl on the cable but is instead pulled back and forth
by the elevator cables. The elevator fins which the elevator

cables are fixed to are two inches thirmer than the gap in the '



elevator guides. This allows the fins to easily slide into the

elevator guides for docking.

There are three dual elevator cable winches, winches shown
in diagram 6.5.1e. The elevator cable in the winches goces from
orne side of the dual winch, through the elevator docking madule,
to the other outer module, through a pulley, back through the
elevator guides, to the opposite side of the dual wiwrch. These
dual winches work together, one letting ocut cable while the other
takes in cable. All three dual wirches work in tandem in the
above described way producing elevator movement.

When the elevator is pulled to either of the cuter modules

it docks with them. A standard docking procedure is used at

either of the outer modules.
Section 6.5.1.1
L 2

Discussion of Alternate Method
Disadvantages to this are:

1. Mairtenance to this system would require EVA. Most of the

methods moving parts are ouvside the Tacility. These parts will

eventually rneed to be serviced.

2. At least one crew member would have to stay at the outer

capsules containing the winches in case the elevator jams. It is

assumed that the outer capsule with the winches would be the

b M



habitation module in order for this to be accomplished

effectively.

3. The transfer module would shorten the center capsule or

would take up more space and weight than the methcd discussed in

section 6.4 if brought up separate from the center module. This

would make this method less cost effective.
The advantages to this design are:
1. This design does rnot disconnect the elevator from the

elevator cables or spin the elevator. Despite having more voluie

there are less moving parts, the design is more simple than the

design in section 6.4. There is less need for exterior ‘
servicing.
2. This designs elevator motion system (method of moving the

elevator) does not crawl on the cables. There will be less wear

on the elevator cables do to slippage which might occur in the

elevator motion system discussed in section 6. 4.

3. This designs elevator motion system does not crawl. ThHis
system is less likely to get jammed by debris, and is less likely
to be affected by any build up of materials on the elevator

cables.

Section 06.5.2



Alternate Method of Meeting Desigwn Requirements:

There are only two differences in this design from the
design discussed in section 6.5.1. The first, shown inn Diagram
6.5.2a and 6.5.2b, is the elevator docking mecdule. The elevator
docking module in this design is docked to by two elevators. It
is a fully airtight module. It has one airleock that is used to
dock with the center module, and has two addition airlocks which
are used to dock with the two elevators.

The second difference is the additionm of an elevator and the

]
position of _the elevator cable winches. The two elevators are

moved back and forth by the same drive system as the design in
section 6.5.1. The exception is that there is a set of three
dual cable winches for each elevator, one stacked on top of
another, shown in diagram 6.5.2c.

All other functions of th;;>design work the same as

described in the design in section 6.5.1.

Section 6.5.2.1

The disadvantages to this method are:

1. This method has even more volume than the method presented

in section 6.5.1. It would take up even more room in the shuttle

o=l



cargo bay, or decrease the size of the center module even more

than the design in section 6.5.1. This would increase costs

because of the additional weight and size.

2. If this design was brought up in pieces, i.e. one piece
the central module, one piece the transfer module and one piece
the elevator docking medule, it would make the assembly of the
station would be more difficult. The extra time and EVA that

might be needed drive up costs and increase astrornaut risk in the

assembly procedure.

-

The advantages to this method are:

1. This design would be more affective than the previcus .
designs if frequent-fravel to and from both of the outer modules
was needed. It would allow crew to use both elevators

simultaneously.

2. All moving parts for the elevators are centrally located.
This could make maintenance.easier than the method presented in

section 6.5.1. an astronaut would less likely be thrown off

because the slavator docking moduls iz 2t o lowsyr gravity level.

Section 06.5.3

Alternate Method of Meeting Mission Requirements.

The transfer module of Diagram 6.5.3a is the same as in the .

b= 17



design in section 6.35.1. The elevator docking module is the same
as the elevator docking module in the previcus section with the
exceptioh of having no elevator ;able winches. To transfer
people or cargo from the center capsule to the elevator docking
module, the trarnsfer module locks onto the cernter capsule and
docks with it, the same as the design in section 6.5.2. When all
people and carpgo are transferred from the center capsule to the
transfer module, the airlocks are closed, and the transfer
vehicle lets go of the center module and locks on to the elevator
docking module. The transfer module then docks with the elevator
docking module. People and cargo are then transferred to

elevator docking module. After the people and the cargo are

transferred to elevator docking modulévthe airlock between them
is closedrﬁ.This allows the transfer module to separate from the
elevator docking module.

The elevators in this design are replaced with an airtight
flexible tube. There are two different designs for this tube.

The first version is shown on diagram 6.5.3c. The flex tube
is docked to the elevator docking module the same way an elevator
docks with the elevator docking module. The only difference is
that the flex tube does not separate. 1t stays docked at all

tiwmas. Pecple and cargo climb through the airlochk leading tc

the
outer capsules. They then climb down the ladders to the cuter
capsules. Movement toward either of the outer capsules is
considered down. Whern people and cargo reach the ocuter capsules

they climb into them through the airlock. It is roted that the

flex tube is airtight and at the same pressure and air



corsistency as all three of the capsules. ‘
The second version is shown on diagram &.5. 3d. People and

cargo climb through the airlock from the elevator docking module

to the flex tube and strap themselves to an elevator platform.

1t lowers them to the outer capsule and stops. People and cargo

climb through the elevator hatch down through the airlock and

into the outer capsules. Again it is to be noted that the flex

tube is airtight and is at the same pressure and air consistency

as all three of the capsules.

Section 06.5.3.1

Discussion of Proposed Rlternate Method

Disadvantages to this proposed design are: -

1. A suitable material for the flex tube (Dernoted in diagram
6.5.3.) has not beer developed. The material would have to be
thin, strong and able to withstand extreme heat and cold. There
are materials available at this time that would meet these

requirements, but they tend to break dowrni under the radiation

U]

that they would bz expozeod to in cpace. For this reason the flex
tube would take more man hours to develope.
I1f extensive development of a new material is required, the

cost would also increase compared to other more readily applied

methods that do not need any further development.

b= 19



2. If the flex tube has limited retractability, depending on
the on the structure of the outer walls, micro G experiments

could be inhibited if the station had limited fuel for slowing

down of rotation.

The advantapges to this method are:

1. Most of the system is enclosed. For this reason maintenance

to the system would be safer and less costly. There would be

less need for EVR during repair of equipment.

2. The need for elevator maintenarice would be eliminated or cut

down drastically. This is dependent on the system chosen for the
flex tube. (The systems are dernoted in diagrams 6.5.3 — 6.25.3d.)
3. The extreme ease of maintenance as compared to most other

designs would make it more cost effective and much safer for

inhabitants in the long run. This method will be more costly in
the short term due to additional development costs caused by the
development of the flex tube.

Section 0U6.5. 4

Alternate Method of Meeting Mission Requirements

This design uses a rotating airtight seal. It is exactly

the same as the design discussed in section 6.5.2, but there is

b~ 3D



no transfer module and no are locks between the elevator docking ‘

module and the center capsule, as shown in diagram 6.5. 4. Pecple

and cargec need not go through an airlock to reach the elevator
docking module. All other parts to this design work the same as
the design in section 6.35.2.

Section 6.5.4.1

Discussion of Alternate Method

Disadvantages to this method are:

There is no information available on rotation airtight

seals. There cost, effectiveness and durability are not known.

This is assumed to be difficult so the cost of developing it
--

and its effectiveness would make rotating airtight seals

impractical.

Rdvantages to this method are:

If airtight seals are readily available, inexpensive, the
cost of this section of the space station could oe drasticalily

reduced.

1t is noted that this design could alsc be implemented most other

designs discussed in this chapter.




Section 06.6

Discussion of Unresclved Issues:

The primary concern with designs that use elevators to move
from the center capsule to the cuter capsules is how to deal with
a jammed elevator. This could be caused by a meteoroid hitting
the elevator or the elevator control winches failing in between
capsules. Since EVR is considered dangerous, and by the
inspection of the nature of EVA in a Potafi£g environment, there
would be no reasonably safe way to get passerigers in the elevator
to safety. This is despite EVA suits in the elevator modules.

A plan for dealing with this situation effectively is
needed. Several possible solutions have been proposed.

They are:

1. Attach hitches, similar to the hitches used for repelling

of cliffs, to the EVA suits to allow passengers to repel to an

outer capsule.

This would require installing pressurization‘entrance
chambers in both of the outer capsules and would take up large

amounts of space in them. Also, because of the weight of an EVA

suit, a more erfective breaking device would have to be developed

to keep pecple fromﬂsliding uncontrolled into the outer capsules.

2. Despin the station and dock a shuttle to the elevator.
Shuttles will seldom be available on short notice. This would
not allow enough time to get persons out before running ocut of

oxygen.
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3. Do not use elevators.

The elevator concept, at this time, is the most practical
method of getting from the center capsule to the outer capsules
and back.

The alternative to the elevator (represented in diagrams
6.5.3 — 6.5.3d) at this time is impractical. The material used
for the flex tube would have to be radiation resistant,
reasonably puncture resistant, extremely thin, and extremely

light weight. Until a suitable material is found for the flex

tube this design could not be implemented.

Arother unresolved issue it the spirming air tight seal.

There is no material available on this subject through either the

NASA data base (Or at least that I am classified to see.), or on
any of the University Library reference or data base systems. If
a spirming air tight seal was easily maintained and cost
effective, the design for this elevator could be greatly
simplified. This could cqt the cost and weight of the system by

as much as one ~ third.

Section 06.7

Summary:

Again as mentioned in section 6.5, basically all designs can

be grouped together and interchanged. Using an elevator is the

most effective way to move from the center module to the outer

modules. All elevator designs are just modest extensions of

= A3



‘ present techriology, therefore more cost effective.

As for individual elevator designs, the fixed elevator was
favored over the crawling elevator because wear due to slippage
would be eliminated. Also, the fixed elevator, because it is
fixed to the elevator cables, is less likely to be separated from
the elevator cables during operation.

The last main part,the configuration of the end of the
center module, of the three different designs, the configuration
of the center capsule and the elevator docking module in section
6.4 was chosen as the most practical. This system has only one
piece, and is extremely light weight. It also saves on center
capsule space. Its principle flaw is that_ it could be disabled
the easiest. If the magrnetic ring or elevator docking module is

. struck by a projgectile, the entire station could be disabled.
The shuttle would be unable to dock because the center capsule
would be spinning with the outer capsules. The station would
have to be despun to enable access for repairs.

From the information available for this report, at this
time, the design represented in section 6.4 would be the safest,

most cost effective and easiest to implement.
Section 06.8
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Diaegream 6.10
The Variable Gravity facility
All elevator designs are based on the design of the

verisble gravity station below.
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Diagram 6.4
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Diagram 6.4a
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Diagram 6.4b

The Elevator Docking Module
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Diagram 6.4c

The Outer Catch Ring
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Diagram 6.4d
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Diagram
6.41

Diagram 6.4e

The Elevator
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Diasgram 6.4g

The Elevator Cable Winches
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Diagram 06.5.18

Alternate Method of Meeting Mission Requirements
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Diagram 6.5.1b

The Transfer Module
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Diagrams 6.5.1c and 6.5.1d
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Diagram 6.5.1e

The Dusl Elevator Cable Winches
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Diagram 06.5.2a
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Alternate Method of meeting Mission Requirements.
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Diagrams 6.5.2b and 6.5.2c

The Elevator Docking Module
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Diagrom 6.5.3

Alternate method of Diagram 6.5.3b
Meeting Mission Requirements.
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Diagram 6.5.3c
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Diagram 6.5.3d
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Diegram 06.5.4

Alternate Method of meeting Mission Requirements.
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Fievatorse +or a Variable Gravity Facility

by

Mark B. Eagon % Anthony C. Lamo

7.L Definition of Topic

& variablie gravity facility (VGF) elevator is required

to tramsport passengers and equipment between modules of a

WYEF ) space station. AN elevator 1s  any system

acocomplishes this task.

7.2  Backround Information and Assumptions
& (VBF)Y will conzist of two rotating living modules
tethered to a despun inner module that will be used
docking and  storage. An elevator will be necessary to
traneport human occupants, eqguipment, and possibly
metwean the mnodules. It must be able to converit between a
tate and a rotating environment. It will have to be
large enough te fit personnel comfortably but must also meet
gpace shuttle loading requirements.
- =

L3 Froposed Mission Requirements

The system will need to be driven in a simple matter

cut gdows on cost, weight, and maintainence. it can be




~J

-4

K=Y

foy

wide as a

standard space sta
airtight and pressuwized to a

environment.

by

Froposed Methotd of Meeting Miesio

Frimary Flan

HMefer to Figure 7.A.

each cable independently (1} an
o the guil e wheels (2).

each  time they

el a el e A R o L 1)
rEpresslrLIec

established life support mechani

at the same Ltime increasing

decreasing cost and maintainenc
space bubbles will be placed in

menber s

the elevator loses i

FTEARZON

emargerncy winch and brake

The VGEF  should the

uee

station and its own artiticial

docking stations. There will
svetem Lo counteract the chan

adding

e to least .9 melers

us

Can a

and subtracting weights

tion module. It should be
iliow Ffor a ‘Yshirtsleeve"

n Reguirements

A decoupler will be attached lto

d brakes will be uwutilized
The elevators will e
dowi, maiing s of
iems inside each module and
elevator capacity while
@, For satety, emergency
side the elevators and crew
e periodically. I+ +or any
te drive capability, an
leso be provided.
rotational motion of the
gravity to move between
need to be a dual elevator

ge in forces created by

in rotating body. It wiil

long and at least 2 seters

f-



Ve

Tethevr 1

25t

4

Y IR ] O 1 e BN

Guwide -

wv-e

'\nbo\u\c\ d’/\"l/@ Co\fc|€
clm«‘:"“i-“‘ 1

Ow+ bow\i
dg [ C‘\ﬂt“{ 1 4

(ma‘; Qlwc\vuL/\ +® Sclogf,6>

\View

Cpihe wire

Liu(na Mmodule S

Clude ~

Flag ™Member | Ay
‘ rO('(O\-' s S"ci"«“ wnless doczecl with elevaios

free

olespuw
cChein ! ({4
w weel

g P\ i\’!\t" Ak /"'

.'v\‘f' \\G € i\ S

FIGUR

w9

\ Cluteh (o assist Spia=up awd §¢a er:‘
AirlocK

APAAN T~ cewntev
mod wule

ORIGINAL PAGE IS
OE POOR QUALITY




wide +or comfort and economy.

The main ildea for driving the elevators is based on
technology over 30 years old. It is based on a common sii
chairlitt with a few modifications similar to a tramway
system wsed to elevate up mountains. A center “chairlift
whiesl " is  attached to the despun center modulé. Two
opposed  cable loops that connect the living modules are
held firmly abouwt the wheel by centripetal force. The

cablee are +firmly ograbbed by the wheel due to friction,

thus, cyecling the cables around it and the outer wheels

connected  to  the living modules, when the station ie in
ite usual retating state. {(Refer to Figure 7.6 and 7.B) &

clockwise YEF rotation will cause a counter—clockwise
elevator cable rotation. T collect the elevators to the

middie, simply attach the inbound decoupler to the inbound

The elevator will drew to the middle. Upwn
ArTival . the elevator is decoupled From the cable and
k. b

wi by the rotating memb e . The decoupler unit is

then pullied in for cable clearence and a clutch iz engaged

i the rotating member, as well as, the twoe opposed

glevators. An airtight door is copened at the base of the

rotating member and the elevators, transtfering cargo can

N oup the rotating member, simply

riow bake place. To spi

a ciutch located at the Jjoint of the guide wire
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most {(which is constantly rotating? and the entire unit
will slowly spin-up. Alignment with the drive cables is
achieved by computer or lazer technology. When correctly

positioned, the decoupler uwunit extends and engages the

outbound cable. Dociing with the living modules is
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1
et
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orated at the base of the rotating
ek ey e nesded T or weight and maintainence
considerations. & lighter and easier to take care of

Jjeint between the rotating member and  the center modale

cart e wsed without worrying aboul making it air-tight if

wir include an

5

ir-leck and & clamp to be activated when

the rotating member is despun.  The clamp will asure an

vy

airtight seal when docking is tabting place.

o

Thie system can bhe worked in many configurations

groncmical 1y. It becomes cheaper, sasier, and more
reliable as vou o from Figure 7.6 to Figure 7.8 to Figure

e
Fom b

Wedght BEstimate of Froposed Melthod

The . weight of this svstem will very with mission

reouiremsnts,  money avallable,  and human safely factors.

Tt was  the purpeose  of  this elevetor system design Lo

mimize cost, weight, maintainernce, and human labor,
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while etill kesping a shirtslesve environment. A standard
air—-tight module with 100 kilograms of aluminum and
nlastic mechanical gear, as well as, 9 kilograms of
noabout 1500 kilogreams as & minimuam.

shielding should weilg

The actual svstem will probably weigh more.

7. i cernate node of Feeting Fission Regquirements
=

FoEuo Flrst Alternate Flan

fMrere cowld be an elevator system simiiar to the one

above, however, have a life support system inside the

levator Biish higher safety conditions inside

themn. The cost in weight, bulk, and maintainence mayv be

Alternative Ml

TeEE
here  could e an elevator system having iis own
drive system with the actuator (s) being inside the center
medul e, This will aleviate some problems incwred by the

retational drag ceused by the drive being conducted by the

of the reotatince body. The cost i weight, buli,

ainence may be prohibitive.

A svetem that wess an electricael drive system for on
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start. as this technology has been established in siki 1314

demarntd cable drive can be used. This system would
incoroorate  a driven chairlift wheel, instead of despun,

and weould make using clutches, to  spin  the rotating

te. This eystem is rather complicated,

memar,

would reqguire mare maintainence, an may be cost

L

arehibitive.
Fourth Alternative Flan
f singlie elevator system may be used to reduce

shioping welight and monay. it could be used just like a

chairiift, as it would be permenently attached to the
ive cable. An electrical drive system will more  than

alls short because of

-
o
i
2
o
3
n}
4+

need to be used.

the need for rotational stability. Az one elevator moves
tor bhe end of the VGF, it significantly changes the center
of gravity and disturps the orientation of spin. This

wntold mayhem in the entirg facility.

3 1 .
L

sruesion of Unresclved Issues

Tie actusl design of the decouplere, pulleys, brakes, and

e clutch for the rotating member will have to be done by a

gngineer. But he will have about a 30 year head

by
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il

neariy that long.
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tewer =till have any worthwhile facts contained in  thenm.
Ore mentioned consideration is  the twisting of the drive
cable as the slevators move to the living modules, gaining
gravity until it becomes lopsided. This problem may be
alaviated by placing the attaching @ decoupler at a point
above the relative center of gravity, in effect, balancing
the elevator for proper doﬁhing.

This system will be most useful to a V&EF that
incorporates the use of rotatiocnal speed to vary artificial
aravity. However, a counterweight system similar to most
madern  chairlifts will allow the system to become wider to
vary the artificial gravity.

Summary

i space elevabor serve the

space  station better than the other alternatives

stusdl ed. The disadvantages of minimal satety and drag
nrobliems are far  ouvtweighed by the advantages of less
weitaht, Cmimpliicity, current technology, ard lepss

maintainence that we get when using this transportation

Sy sl em.
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Chapter 8
FIRE
Paul Novak, Kay Pues, Charles Simons, Michael Trost, Charles Tye

Definition of Topic

Controlling space habitat fires concerns six things: fire
prevention, detection, evaluation, containment, clean-up,
and damage repair. All of these must be done in a safe,
economical way that saves lives, money, and resources.

Questions
Some questions must be answered to do an adequate job in
preventing, detecting, evaluating, containing fires.

1. What kind of alarms will be needed? Audio, visual, computer
monitored, or manually activated? Singly or in combination?

2. How much fire prevention, detection, and evaluation
equipment is practical?

3. Where will alarms be placed? How many alarms, total and by
type, are needed?

4. What kind of extinguishers or firefighting techniques should
be used? Should the equipment be located in single or
multiple locations?

5. What materials should be used?

6. How fire proof, retardant, or resistant should materials be?
Whose standards should be used?

7. How should cleanup and repair be attempted?

8. wgat should the people do and where should they go during a
fire?

9. Should computers be used? For what operations?

10. What type of fires can happen in a space habitat?

Design Requirements

The vgf must be built with proper consideration for preventing,
detecting, evaluating, and containing fires. It must also
encompass clean-up, damage repair, and detox (cleaning the air of
toxic and combustible gases) procedures after the fire is
extinguished. All this must be done with concern for the crew's
safety and well-being before, during, and after the fire.

Expanded Design Requirements
Four steps will prevent a fire or stop its spread.
1. Fire Prevention
All materials should, if possible, be made of non-flammable
substances such as Norfab, Neoprene, glass fiber, and
graphite. Materials should be capable of withstanding flame
tests as specified under FAA regulations (8001, parts 25,
29, and 121). If flammable material is unavoidable it
should be self-extinguishable and not give off toxic or
combustible gases since such gases are the largest killer in
airline fires (8002, p. 41).
2, Fire Detection
Alarms should provide accurate and adequate forewarning of a
fire. This includes heat and smoke alarms (8003, pp.
44-45). All heat and smoke alarms should be computer
monitored with manual override capability in case of false
alarms. Alarms can announce a fire's existence in one, or
a combination, of the following ways:
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1) A computer synthesized voice warning of a fire's
existence.

2) Audio tones that vary by pitch, time interval,
and\or length of time the tone is heard. The tone
could correspond to the fires's location and extent.
Placards would be posted listing the coded
information.

3) Lighted boards showing the fire's location and
extent.

Heat and smoke detectors would be located in all
inhabited areas, areas containing concentrated electrical
or computer equipment, ventilation ducts, fuel storage,
and lab areas.
3. Fire Evaluation and Containment
Next is deciding how to handle a fire in the safest and
most efficient way possible. This can be done in one, or
a combination, of the ways listed below:
1) Decision by trained personnel
2) Decision by computer monitoring system
4. Cleanup, Damage Repair, and Detoxification (Detox)

NOTE: Some fire protection and rescue planning
procedures used for the space shuttle and
space station could be studied and
employed (8013, pp. 34-40, 127-128).

Unanswered Questions

One vitally important question must be answered: How do
fires burn and spread in zero-g or fractions of a g? At
what minimum g level does convection begin working?

Without this information all the above precautions could be
useless or even dangerous when dealing with an actual fire.
In addition, decisions on how to fight the fire could be made
on false, possibly dangerous, assumptions.

Obtaining Data and Information

The only way this information can be obtained is through actual
experimentation in a zero-g or variable-g environment. A
possible alternative is to talk with firefighting experts or
consultants to gain an understanding of techniques used to
prevent, detect, and fight one-g fires.

Solutions

1. Fire Prevention
Allow no uncontrolled or unmonitored burning. Make
everything as flame retardant as possible.

2. Fire Detection
Use heat and smoke alarms and place them in the
places previously mentioned (.3). Use computers to
locate the fire.

3. Fire Evaluation
Computers should be used to help evaluate the fire's
severity. Oxygen masks should be provided for the crew
only after the fire is extinguished to avoid "fanning" the
flames or killing the crew due to oxygen starvation or
polluted air. "Safe rooms" (a place where a person has
a livable atmosphere) should be provided for the crew




in hazardous areas. Shut down the circulation system
(fans) to cut off the fire's oxygen supply and allow it
to "drown" in its own gas byproducts. Use portable
halon fire extinguishers (8012, pp. 18-21) or flood the
entire compartment with firefighting foam or inert gases
from fixed, wall-mounted extinguishers (8004, pp. 76-78).
As a last resort, put the fire out by exposing the cabin
to vacuum which vents the fire's air supply.
Detoxification

Expose the cabin to vacuum in order to cleanse hopelessly
polluted atmosphere of toxic or combustible gases.

Viability of Solutions
The fixed inert gas fire extinguishers have a failure

rate

of 23% (8004, p. 78). The cost and weight of these

installations would be proportional to the station's size,
but a halon 1301 portable container by Metalcraft is 15
ounces lighter than its competitor (8012, p. 20). Halon

1301

is considerably less toxic than other halon types

and has disadvantages in only two areas: a less controllable
distance and that it's under 360 psi which is considerably more

than the Halon 1211 extinguishers (8012, p. 19).
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Chapter 9

Facility Designs
By: Randel B. Hagen
Variable Gravity Research Facility

Definition of Topic

This paper will show several different design ideas for the Variable
Gravity Reasearch Facility. All equipment in these designs use over the
counter equipment.

-




Variable Gravity Research Facility

Limited Tether System

This system uses a rigid structure to maintain its integrity. The cross
beams are made of a highstrength plastic that is wrapped with Kevlar to
protect it from solar radiation.

Modular Componets

A)  Section A is a 1g. research station. It could contain equipment
and computer space needed for research of earths atmosphere. Sleeping

quarters for up to five crewmen could be avaible in earth like gravity.



This section of the station would be the size of the shuttle bay and

may be made in the same basic design as that of the space station.

B) Section B is a variable gravity module. Crewmen that are
undergoing the gravity test will stay in this facility. It may also contain
~ small experiment stations that are interchangable with each other.

This section will be moved between the 1g. and 0g. facilitys by tethers
the are connected to winches in the 0g. facility. High strength plastic support
beams will hold large rollers that will slide through.

Again this section will be scaled to the size of that of the space station
units. This section will be self contained, but may share power and air with
the other facilities through ductwork in the cross beams. But the section
must be self contained in a matter of seconds in emergancy situations.

Q) Section C is the 0g docking module and equipment/supply

storage section. This section will contain the main power winches which are

need to move the variable gravity section into place.

The space shuttle will dock with this section most of the time because
this is were the supplies are to be kept. The radio antenna will be located on
this section due to the fact that it move very little and less repositioning will
be nessary. |

| This section like the other two will be self-contained so that it will be
possible for some one to live there for a short period of time if the
emergance called for it. The fuel cell will be contained in this section and
will be resupplied from the shuttle when nessary. This station should not
need a large amount of space for fuel storage because spin up will be done
with the space shuttle conected and using the shuttle main engines for boost.

The only time the stations engines will be used is for oribtal maintance.




D) Section D is the main power sourse for the facility. The power
for the station will come from a nuclear power sourse. The power module
will be kept at the greatest distance possible. This module will have an
emergancy release system incase of problems so the contamination will not
effect the station. The module will be equiped with a self destruct system
that will keep the power sourse from contaminating other things or form
intering earths atmosphere.

E) Section E is the elevator for the station. This elevator will be
capable of moving between the sections and docking with them. There will
be three docking bays in the elevator, two facing the station and a main one
the is facing towards the outside. The main docking bay will be use by the
shuttle to transfere material to the station.

The elevator will be selfcontained for up to 72 hours in case of
problems crew member will not be lost. The elevator will move with the
assistance of cabbles and winches that are located on the ends of the support
beams. The elevator moves toward the station by the use of hydrolic fluid in
the cross supprots that are located on the 1g and 0g facilites.

F)  Section F is the main support beams. These four beam are
made of a high strength plastic that has holes for the movement of the
variable gravity section.

The beams will also contain the power cables and main station air
suppy lines. These beams will be conected together with large cotter pin
connections. This will cut down on outside construction times. These beams
may be brought up by the shuttle or by disposable rocket.

| G) Section G is the support beams for the elevator. These beam
will be connected the same way as the main support beams. There will be

two winches that will be used to move the elevator back and fourth.



H)  Section H is the main support for the power sourse and dead
weight sections. This support will be connected like the rest only it will be
larger. The section will contain a winch that will move the dead weight
section. There will also be explosive end caps on the end containing the
power sourse.

I Section I is the dead weight section. This weight is use to
counter the movement of the elevator and variable gravity sections. This

section will be made up of junk or a external tank.
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Section A: 1g. Research facilit

a) This facility may station doctors and researchers in an earth
normal gravity for extend periods of time.

b) Facility may be launched prefabricated from earth as Skylab
was.

c) Facility would have two air locks one for personal EVA and
_ the other for shuttie docking.

d) This section may contain the propulsion system for the
stations rotation.

e) Facility would be self-sufficient for up to 60 days incase of
accident or system failure.

- f)Facility may range in size from shuttle bay size to that of
skylab. ,

Section B: Varirable g. Habitat

a) Shuttle bay sized personal habitat, that would serve as
living quarters for test subjects.

b) Contains two air-locks for access to 1g. and 0g. facilities.

¢) The subjects will preform a number of experiments along
with caring for 1ab animals.



d) The size of crew can range from 3 to 5 members.

e) Exercise equipment will be located along with a number of
test equipment.

f) The Habitat will move along rollers and be controled by
computer.

Section C: 0g. Spacedock
a) Dock will contain tractor motors maintenance equipment.

b) Bulk supplies and main shuttle lock will be contained in this
section. '

c) This section will be roughly the same size as the Research
facility, and will be launched in same manner.

d) Control mechanism for counterweight will be located here.
Section D: Counterweight

a) This section may very in size and shape.

b) Nuclear power plant may be located here to provide power.

c) This section is open to design options.
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Variable Gravity Research Facility

Conclusion

These two designs are both easily placed into space using the space
shuttle and rockets such as the atlas or titan. The first design is the most
reliable of the two because of the better design of the elevator system.

These two systems use a more ridged system of support the will
better hold up under the stress of space conditions. With the different
gravities that take place on the same structure the more wide range the
number of experiments that are avaiable to work on. This entire system
could be an extension of the space station with shared access.

The cost of the system will be kept down do to the fact there is little
if any raw designs needed to be developed. All modules are of the same size
and type as that of the space station. Also due to the large number of
experiments that can be accomplished there will be a chance of charging
companys money for lab work done with this facility.

The data that this facility will be able to gather will greatly advance
the knowlage of what the gravity needs are for a person to keep healthy and

in to shape.



Chapter 10: Docking 1

Dave Hoffmeister
April 29, 1987

10.1 Definition of Topic

Docking is the mechanical Joining of the space shuttle and
Variable Gravity Facility (VGF) while in space, using reaction
control thrusters to maneuver the shuttle intc contact with the

VGF (10007, p. C2%5).

10.2 Background Information

The VBF docking port(s) will be despun for dockingj failure of
the port spin sensors in a docking port can be acceptably
guarded against, at minimal weight and power penalties, by using
redundant sensorst gyroscopic sensors are available weighing
81 grams and consuming 600 mW of power (10002)3; piezoelectric
sensors are available with even greater weight savings, due ¢to
their lack of motors, magnets, and other moving parts, and
consuming less than 125 mW of power. The latter are said to have
an MTBF in excess of 10,000 hours (10003, p. 47). Laser gyros

should also be considered, but they would have to be installed/




shielded in such a manner that their dither (vibrations and
related noise) would not effect shuttle or VGF equipment (10014,

p. 409).

The VGF will rotate throughout the docking procedurey i.e., the

VGF itself will not be despun for docking.

V6BF docking port(s) must be compatible with shuttle port used for

docking with the space station.

The VGF is assumed to be in a known, stable, rendezvous-
compatible orbit (approximately the same as that of the space
station—-—altitude 2350-270 NM) (10014, p. i26)3 rendezvous-
compatible orbits are those orbits, having unique combinations of
altitude and inclination, which ensure that the VGF would be at
the proper aim point as its orbit plane passed through the
shuttle launch site. Putting the VGF in such an orbit will place
it over the launch site at regﬁlar daily intervals, and if its
orbit is inclined beyond the launch site latitude, such
positioning could occur twice per day (10019, p. 383). This
would allow two launch oppoftunities per day, reducing the chance
of weather causing repeated cancellations of a vital launch
(VGF emergency, etc.), and would reduce expensive and complicated
detanking of launch vehicle eryogens and other cancellation
requirements (10019, p. 384). Another advantage of rendezvous-

compatible orbits is minimized shuttle flight time for rendezvous

with the VGF (10019, p. 390).

The VGF crew will rnot be able to directly control the shuttle's

approach, partly because it would require that all of the
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associated maneuvering and telemetry equipment be onboard the
VGF, and partly because the procedure will require a specialist

at the controls should the automatic systems fail.
No EVR will be required for docking.
The docking tunnel from shuttle to VGF will be pressurized.

The VBF will be spinning about an axis of the central cylinder,

but will not be tumbling about any other axis.

Rendezvous Phase 1 means the time from launch until the shuttle

crew has the ability to track the VGF electronically or visually.

Rendezvous Phase & means the time from the end of Rendezvous
Phase 1 until the shuttle is in a pre-specified offset position
behind the VBF (relative to VGF orbital path)—-—the so—-called
"Gtable Orbit Rendezvous Technique" (10014, p. 358). This
will place the shuttle approximately 1000 feet from the VGF

(10014, p. 359).

Approach Phase means the time from the end of Rendezvous Phase @2
until the beginning of shuttle orientation for docking (alignment
along the proper axis for final approach to VGF docking port)

(10014, p. 369).

Docking Phase means the time from .the end of the Apprcocach Phase

until the shuttle and VGF are coupled together.

Separation Phase means the time from initial actions to
disconnect VGF and shuttle docking ports (sealing airlocks,

releasing capture latches, etc.) until shuttle is beyond its




expected explosion range from the VBF (to reduce chance of VGF
damage during an explosion occurring at time of shuttle orbital

transfer maneuver ignition (10014, p. 369).

Proximity Operations refers to any operations which take place
while the shuttle and VGF are within one mile of one other, and
would thus include approaches, docking, separations, and
flyarounds ("missed approaches,” and inspections of the VGF

carried ocut by the shuttle).

Continuous radioc contact will exist between shuttle and ground
control personnel during Rendezvous Phase 1, and between shuttle
and VGF persornmel during Rendezvous Phase 2, Approach Phase,

Docking Phase, Separation Phase, and proximity operations.
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10.32 Proposed Mission Requirements

Ground control must provide tracking and vectoring support for
Rendezvous Phase 1, if the computerized rendezvous track turns

cut to be inadequate after launch.

Shuttle crew must be able to complete Rendezvous Phase 2,
Approach Phase, and Docking Phase without assistance from Ground
Contrel or VGF crew, and should have the capability for total
active control of rendezvous, approach, docking, and separation
phases (10014, p. 551). However, shuttle BGuidance, Navigation,
and Control (GN&C) computers should be capable of responding to
ground signals, as an emergency backup (during crew
incapacitation, etc.) (10014, p. 731). GN&C system will provide
onboard calibration and alignment of sensors, control of RCS
(Reaction Control System) thrusters, and safety checks and
shuttle control during proximity operations. Shuttle
instrumentation will thus have to provide range, closure rate,
and angular information. At least four types of sensors are
capable of doing this: rendezvous radar, in the 8—39 cm
wavelength range; ladar (laser detection and ranging), in Vthe
0.8-11 um range; LWIR (Long Wavelength Infrared), detecting
thermal VGF emiésions from 6-16 umg and passive sensors,
utilizing solar radiation reflected from the VGF in the visible
range from 0.4 to 0.8 um (10020, P. 4). The latter two, it
should be noted, would restrict docking with the VGF to

"daylight" hours (when the VGF is not in the earth’s shadow).

Shuttle ard VGF must both have some means of positively

[0-5



confirming the quality of dock connection (all required

cormections satisfactorily mated).

Docking ports for space station, VGF, and shuttle will all be

androgyrnous (10009, p. 183).

It is vital that the shuttle and VGF remain aligned along pitch,
yaw, and roll axes whilé docked, due to damage to the docking
ports which could result from flexing, and from the catastrophic
impact which would result if the shuttle were to contact the
V6F's rotating tethers. After docking, the structural rigidity of
the docking mechanisms will be responsible for keeping the two
spacecraft aligned along pitch, yaw, and roll axes; nrno RCS
thruster firing will be allowed while docked (10009, p. 156).
This is important because of the damage and contamination of the
VGF/tethers which may result from RCS exhaust gasses (the "plume"
shown in fing. 1). Firing of the thrusters while near the VGF
(i.e., during approach, docking, and separation) should thus be
kept to the absoclute minimum necessary to perform any given
maneuver (10014, - 565).  In addition, firing of the thrusters
while docked would exert a force ("over—pressure") on the VGF
(fig. 1, possibly affecting its stability (by causing tether
flexing), its plane of rotation, and in a drastic case even its
orbital position (10014, Pe 368). It is worth rnoting that EVA
should probably be restricted during docking and departure, due
to like effecfs of the plume on astronauts (10014, p. 740).
Conservation of thruster propellant is also a desirable aspect

(10014, p. 368).
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Safety mechanisms should exist to minimize damage caused by
explosive decompression of airlocks or docking turmel, and to
relieve possible overpressurization of airlocks or tunnel. These
will be more critical on the VGF than on the space station, due

to the weak link presented by the despirming joint.

Docking port position must provide the shuttle with adequate
clearance from VGF tethers, both when docked and while

maneuvering before/after docking.

Some means should exist for determining whether excessive side
loads (i.e., forces other than along the lengthwise axis of the
docking port) are being applied during docking, while docked, or
during separation. This is especially important for the VGF, as
structural failure of the docking port could result in the

shuttle contacting the VGF tethers.

Some fluids or other substances that flow through connections
between the shuttle and VGF docking ports (fuels, hydraulic
and thermal contrel fluids, etc.) may be capable of damaging the
port (10014, p. S564). Were some substance to leak from its line
and corrode/oxidize part of the port latching mechanism, a
potentially 1lethal situation could arise on a VBF with only one
docking port (the shuttle would effectively be frozen/welded to
the VGF's only airlock « .« ). lLines carrying such substances
shaould be Judiciocusly segrepated, appropriately encased, and

autamatically monitored.
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10.4 Proposed Method of Meeting Mission Requirements‘
Central Cylinder Perpendicular to Outer Cylinders orTe

arrangement——fig. 2).

Shuttle will rely on computerized launch path control and ground

control tracking during Rendezvous Phase 1.

Rendezvous Phase 2 will make use of Doppler Velocity Sensors
(DVS); transponder (on VGF: Ku-—-band r;dar, to augment Orbiter
Reridezvous Radar tracking), and ladar equipment, supplemented by
visual markers on the VBF (10014, p. 437). Use of ladar will
require that the skin of the VGF near the docking port be
ngurface conditioned,” to aveid any problems with spurious
specular reflections from surfaces adjacent to the ladar
reflectors placed around the port (10020, p..9). Visual markers
may take the form>of flashing lights; however, lights should only
be lit on rotating (relative to the shuttle) portions of the VGF
when vital for confirming distance between shuttle and
VGF/tethers, due to the possibility of their rotation inducing
vertigo in the astronaut performing the docking procedure (10004,
p. 9). It would also be wise to ensure that more than one light
can be seen by this astronaut at any given time, to reduce the
possibility of autokinesis (10011, p. 69). HKeeping the docking
port well lit during docking would alleviate this, in addition to

facilitating visual maneuvering.

The approach and docking phases will use DVS and ladar measuring
equipment for final maneuvering, in addition to visual cues seen

through the shuttle bay windows and relayed from appropriately
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placed TV cameras (10017, Pe 1031). Ladar system will provide
information on target range, rate of closure, angular position,
and attitude relative to VGF (10014, P. 437). Attitude can be
determined by measuring the relative position of several laser
reflectors installed in a known arrangement on the VBF (around
the docking port); to keep docking procedures similar, this

arrangement should be the same on all spacecraft with which the

shuttle will dock. Measuring range and closure rate of .

individual reflectors requires that the tracking sensor have a
high range accuracy, wide field of view, narrow beamwidth, and a
fast random—scan capability. This suggests that the best sensor
would be a continuous wave optical radar (semiconductor laser
transmitter and image-dissector receiver) (10018, p. 2.2.2).
This selection is laudable due to its precision, small size, and
security (relatively unaffected by outside sources of
interference). In addition, this sensor information would allow
automatic stationkeeping, relieving the crew of the tedium and
worklocad of monitoring sensors/executing corrective maneuvers
(10018, p. 2.2.3). Computers will check ladar measurements
against DVS measurements, to ensure that the data used to control
the thrusters is not faulty. If bo£h ladar and DVS systems were
to fail, or capacity for autocoupling were lost, crew would rely
on COAS (Crew Optical ARlignment Sight) and rendezvous radar data

during docking (10014, p. 368).

Reriddezvous Phase 2 will begin when the shuttle crew activates
tracking sensors, differentiates the target from clutter if

necessary, and initiates the autotrack mode; initial range
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measurement should occur beyond 250 NM from the VGF, to allow
sufficient time for updating navigation computations (10020, =18
3). The crew will monitor sensor output and spacecraft status on
the VDTs, and compensate (adJusﬁ system) for any enviromental or
sensor anomalies. This will continue through the approach and
docking phases, or crewmembers may choose to manually dock the
spacecraft (10007, p. 56). The Approach Phase will be complete
when the shuttle is oriented so that it can approach directly
along the central axis of the docking port. Approximately 800
feet from the VGF (near the end of the Approach Phase), two
initial burns will occur, placing the shuttle on a closing
tragectory with the VGF. At approximately 575 feet, a series of
braking maneuvers will be initiated to reduce the apprcach
velocity; all rates should be nulled at approximately SO0 feet
{10014, p. 371). Docking will be complete when the docking latch
solenoids are activated by proximity switches in the
corresponding port, causing capture latches to engagey dock is
not considered complete if readings indicate that any connection
(electrical, hydraulic, pressurization, etc) is not adequate

(10007, p. 326).

Separation Phase will consist of discormecting the shuttle and
VGF from one another, initiating an apphoximately 0.2 fps
separation rate directly away from the VGF docking port, coasting
the shuttle awayAfrom the VGF for approximately 15 seconds, and
then accelerating to a larger separation rate of approximately
3.0 fps. This will be maintained until the shuttle is beyond its

assumed explosion range from the VGF (approximately 10 NM);

10
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Separation Phase will be complete when shuttle has reached this

distance. Ladar and DVS will be used throughout the maneuver.

Docking port will use electromechanical devices (like MMU
trunnion pin attatchment devices) to pull ports together once
they are aligned (10005, p. 253 10009, p. 156). Capture latches
will also be designed to allow manual operation (ex.--by hand

crank), if latch drive fails (10007, p. 327).

Data from DVS, transponder, and ladar sensors will be fed to
computer for firing of orbiter RCS. Primary maneuvering engines
(870 1bs. thrust) will be used in rendezvous phases; vernier
maneuvering engines (24 lbs. thrust) will be used for final part
of Rendezvous Phase & and during Approach, Docking, and

Separation Phases (10001, p. 1.29).

Distance and velocity information from sensors will be used to
alert the maneuvering astronaut(s) if closure rate is too rapid,
or if a collision will result if appropriate thrusters are not
fired immediately. AR simple and easily/rapidly assimilable
display of this information, in addition to digital readouts,
would be a three-light group with green, yellow, and red
colorings corresponding to normal, warning, and hazardous
conditions; in addition, an alarm should be tied to the latter
two. On an auto-coupled approach, the system would fire

appropriate thrusters automatically if a warning or hazardous

condition developed.

Docking port sensors will relay information concerning the

gquality of dock connection (pressurization level, rate of

11
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pressure change, hydraulic and thermal control fluid, electrical,
and optical connections, and locking of all capture latches) to
shuttle and VGF conscles. Alarms should sound at both consoles

if any vital parameter changes while spacecraft are docked.

Warming systems should be installed in the docking ports, to
ensure hermetic coupling of any fuel/hydraulic lines (10012, P.

I-184).

Monitoring of conduit carrying fluids or other substances between
the shuttle and VGF will be done with temperature, fluid and
vapor pressure, and flow raté sensors occurence of abnormal

readings will trigger appropriate alarms aboard both the shuttle

and VGF.

Pressure sensors and sensitive accelerometers will be placed in
the docking ports, to warn the crew when unsafe ioads are being
applied. This includes side loads, and forces acting along the
central cylinder's lengthwise axis (which could adversely affect

VBF position and stability).

Docking mechanism should contain shock absorbing devices, to
reduce chance of damage to itself, shuttle, VGF, or despin jJoint

seals resulting from improper speeds/maneuvering while docking

(10009, p. 156).

Docking ports will have pressure equalization valves, for

equalizing shuttle airlock, transfer turmel and VGF airlock

pressure (10008, p. 3-27).

The transfer turmel/airlock combinations will have self-closing

i2
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airlock doors, which can be armed from shuttle and VGF consoles
after docking. When armed, doors will close automatically if

shuttle or VGF airlock, or transfer tunnel, undergoes explosive

decompression.

McDorrnell Douglas suggests that the following criteria for manual

docking not be exceeded:

0. 16-0.50 ft/sec
0.25 ft/sec

Axial closing velocity
Lateral velocity
Angular velocity 0.6 deg/sec
Pitch, yaw, and roll +/=- 5.0 deg roll

misalignment +/- 6.0 deg pitch and yaw
Radial miss distance 1.0 ft
Lateral misalignment 0.75 ft (10007, p. c29)

s 88 ®s @S

The above criteria can be measured by currently available
sersors, to a degree of accuracy greater than that required:
max range of docking sensors: 1000 ft

coverage 20 deg cone
accuracies—-—-range +/- 0,02 ft

-—angle +/— 0.1 deg
-—velocity 0.03 ft/sec
—-attitude +/- 0.57 deg (10014, p. 427)

When and where in orbit the meeting between shuttle and VGF can
accur will depend to a significant extent on lighting, due to the
shuttle crew’'s rneed for adequate visual contact with the VGF.
This includes both sufficient 1light to see the VGF, and a

sufficiently great (more than 20 degrees) angle between shuttle-

VUGF line of sight and shuttle-sun line of sight (i.e., the crew

should not be expected to look directly into the sun while
marieuvering) (10014, Pa 38%). Additionally, placement of any
high-intensity lighting on the VGF, installed for the purpose
af illuminating the docking area, should also be adjusted (angle

and intensity) so that it will not blind the astronaut(s)

13
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maneuvering the shuttle. This discussion supgests that the best
possible mareuvering environment would be one with the sun behind
the shuttle, taking place as soon after orbital sunrise as
passible (10014, pP. 369). Due to the relatively slow rotational
speed of the VGBF, it seems unlikely that flicker vertigo (induced
by tethérs passing in front of the sun, or if they are shiny,

reflecting its rays) could occur (100135, p. 1).

l.Like the space station, the VGF might benefit from having certain
types of "controlled space” around it. This is partly due to the
resulting staﬁdardization of flight planning and operations, and
crew plarming and operatioﬁs. Zones could also support collision
avoidance (with more than one shuttle near the VGF), and help
reduce contamination and disturbance of the VGF resulting from
RCS firirngs (10014, P 356). The following zones are numbered
from “"inside-out" (i.e., the zone closest to the VGF is number

arie).

Zovie 1: Proximity Operations Zone

The space inside a one mile in diameter sphere, centered on
the VGF. All proximity operations, plus EVA/MMU operations,

will occcur within this zone (10014, p. 357).

Zone 2: Rendezvous Zore
Cylindrical shell centered on the VGF, having a 10 NM radius
and a length of 200 NM (100 NM in front of and behind VGF)
along its orbital path. All rendezvous with the VGF will be

tarpgeted to place the shuttle in Zone Z.

14
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Zone 3: Buffer Zone

Cylindrical shell having the same orbital path dimensions as
Zone 2, and extending outward five NM from the edge of Zone
2 (1S5 NM radius from VGF). For the purpose of separating

any parked craft from craft rendezvousing with the VGF.

Zone 4: Parking Orbit Zone
Cylindrical shell having the same orbital path dimensions as
Zones 2 and 3, and extending outward 20 NM from the edge of
Zone 3 (35 NM radius from the VGF). For use by craft
needing to stay "on station” near the VGF (while waiting
for a free docking port, for a hazardous condition on the

VGF to be contained, etc.).

10.4.1 Discussion of Proposed Method

advantages:

Provides greatest distance between shuttle and VGF tethers, due
to placement of docking port at far end of center cylinder from

tethers (fig. %._

Relatively stable, because forces on the outer cylinders would

tend to keep them in their intended plane of rotation.

Variety of tracking sensors and computer crosschecks between

sensor types increases the accuracy of tracking information.

Manual and automated rendezvous/docking allows backup for
equipment failures, and crew incapacitation in an extreme

situation.

15
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Less volume to pressurize during docking/EVA than designs

utilizing docking port extensions.

disadvantages:

No backup if the only docking port fails/is damaged.
Requires tether attatchment rods, increasing weight and cost.

Tether rods could be a structural weak point, depending on their

size, method of anchoring, and the magnitude of loads imposed

uporn them.

Slightly greater g forces at ore end of cuter cylinders, due to
lengthwise axis of outer cylinders being parallel toc spin plane

(rotation is around lengthwise axis of central cylinder).

Provides less distance betweeri shuttle and tethers thanm proposed

methaod (10.4).

10. 4.2 Weight Estimates of Proposed Method

On VGF:

Transponder transceiver: .7 lbs.

Antenna : O.2 lbs. (10013, p. 6—-28)
Gyro despin sensor : 2.88 ozs. (10002)

O Shuttle:

Guidance and Control processor: £0 lbs.
RCS contral system : 35 lbs. (10014, p. 419)

Could not find arny information on weight of docking modules,
guality—-of-dock sensors, pvs, ladar system, or transponder

receiver.

i&
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10.5 Alternate Methods

10.5.1 Central Cylinder Perpendicular to Outer Cylinders ("+"

Arrangement)

advantages:
Provides safe clearance between shuttle and VGF tethers, without

using port extensions or reducing VGF stability by moving tethers

inward (fig. 3).

Relatively stable, because forces on the outer cylinders would

tend to keep them in their intended plane of rotation.

Less volume to pressurize during docking/EVAR than designs
utilizing docking port extensions.

disadvantages:

Requires tether attatchment rods, increasing weight and cost.

Tether rods could be a structural weak point.

Slightly greater g forces at one end of outer cylinders, due to
lengthwise axis of cuter cylinders being parallel toc spin plane

(rotation is around lengthwise axis of central cylinder).

No backup if the only docking port fails/is damaged.

10.5.2 Parallel VBF Cylinders, Single Docking Port and Extension

VGF docking port will be at the end of an airlock extension

attatched to the center cylinder (fig. 4), to ensure adequate

17
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clearance between the shuttle’'s vertical fin and the VGF tethers;
the extension will need to be greater than 285 feet long, if
tethers are placed at the ends of the VGF cylinders, due to the
height of the shuttle's vertical fin (10001, p. 1.2--1.3). This
extension will be permanently attatched to the VGF's despun port
(requiring that the despinning mecﬁanism be structurally capable
of supporting the extension’s mass, and powerful enough to despin
it). The extension will contain the wiring, optical fibers,
tubing, etc. which will provide conmections betweernn the VGF and
shuttle while the two are docked, in addition to providing an
environmentélly safe access tunnel for astronauts/supply transfer
between the spacecraft. The extension will also be usable for

EVA exit/entry.

Docking port extension will only be pressurized when the port is
being used, to reduce any leakage of the VGF's atmosphere through

the despinning seals (between VGF cylinder and extension).

advantages:

Relatively stable, due to piacement of the tethers at the extreme
ends of the cylinders (fig. 2). RAs tether attatchment points are
moved inward, tendency of the ocuter cylinders to remain parallel
to the center cylinder decreases, with possiblé resultant

oscillations and loss of stability.
disadvantages:
The port extension represents an extra volume to pressurize

during docking/EVA.

18
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Forces applied at the end of the extension’s long arm could cause

damaging loads at its base (where extension is joined to VGF
cylinder). External braces between the end of the VGF cylinder
and the sides of the extension could be added, but this would
require that the entire end of the VGF be despun for docking (as
oppesed to only despinning the port and extengion). The
extension could also be extended a short distance into the VGF,

for structural support.

Forces applied at the end of the extension’s long arm could also

affect the VGF's spin attitude/stability.

Any divergence of the port extension’'s lengthwise axis from the
VGF cylinder's lengthwise axis would result in the docking end of

the extension moving in an exaggerated circular path, rather than

simply rotating. This would obviously make docking difficult, if

not impossible.

NARSA has suggested that forces acting on the outer cylinders
will tend to rotate them so that their lengthwise axes will be in
the plane of rotation. This would twist the tethers, possibly

resulting in damage and reduced stability.

No backup if the only docking port fails/is damaged.

10.5.3 Parallel VGF Cylinders, Two Docking Ports and Extensions

advantages:

Port redundancy provides backup for failed/damaged port (fig. 35).

Convenience and safety: allows docking or EVA from second poart

19
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if first port is in use (shuttle docked).

Relatively stable, due to placement of tethers at the extreme

ends of the cylinders.

disadvantages:

Long port extensions increase the chance of damage due to side

loads incurred during docking.
Redundant ports are more expensive, and carry a weight penalty.

Forces on the outer cylinders may change their spin attitude, as

mentioned in 10.5.2.

Port extension represents extra volume requiring pressurization

during docking/EVA.

10.5.4 Parallel VGF Cylinders, Single Docking Port and Extension

with Elbow

advantages!

Relatively stable, due to placement of the tethers at the extreme

ends of the cylinders (fig. 6).

Keeps shuttle tail farther from tethers than other designs,

except proposed method (10.4).

Possibly improved visibility for maneuvering astronaut during

docking.
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disadvantages:

If port despin mechanism fails, rotating elbow could damage

shuttle (and VGF at impact).
No backup if the only docking port faile/is damaged.
Entails the extra weight of the port extension and elbow.

l.ong port extension increases the chance of damage due to

sideloads incurred during docking.
Extra bend in transfer tunnel, to move supplies past.
Greater cost and weight, due to additional materials.

Requires that shuttle rnose be relatively close to long portion of

port extension, resulting in reduced maneuvering room. However,
this still appears to be safer than having the tail close to

the rotating tethers.

Forces on the outer cylinders may change their spin attitude, as

mentioned in 10.5.2.

Port extension represents extra volume requiring pressurization

during docking/EVA.

10.5.5 Parallel VGF Cylinders, Single Docking Port,; Tethers

Moved Inward for Docking Clearance

advantages:
Shorter port extension (fig. 7), reducing chance of damage or

other problems due to sideloads incurred while docking (the

21
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moment resulting from use of a nominal two foot port extension .
would be an order of magnitude lower than the moment associated

with a 25 foot extension).
Least weight, complexity, and expense, relative to other designs.

Moderate volume to pressurize during docking/EVA.

disadvantages:
Least stable, due to requirement that tethers be close to VGF's

plane of rotation (to ensure safe clearance between shuttle and

tethers).

Outer cylinders are more iikely to yield to forces trying to

twist them into the plane of rotation, because tethers are closer

together.

10.5.6 Drogue Docking Mechanism

Funnel—shaped opening centered in end of one docking port, inte
which probe on other docking port is inserted to center the

ports on one another.

advantages:

Would facilitate capturing of VGF docking port.

disadvantages:

Drogue/probe combination would have to be removable from turnel

pathway after docking, to make use of transfer tunnel (10003, p. ’
2e0) .

2e
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Would reduce androgyny of spacecraft docking ports, unless either
portion of mechanism (probe or furmel) could be attatched to any

docking port.

Switching furmel and probe mechanisms (as above) would require

EVA.

10.6 Discussion of Unresolved Issues

NASA estimates that a force of approximately 500 pounds will be
applied to a station by the shuttle, during docking, for a period
of approximately one second; they mention that the actual force
may be an order of magnitude lower (though the force exerted when
docking a craft with Skylab was an order of magnitude higher . .

«) (10014, P 127). It would be wise to investigate whether
this force could cause an oscillation in the tether system, or

affect the VGF'’s attitude or orbital path.

Would a star tracker (for measuring angular velocity) be of

practical value during rendezvous phases? (10014, p. 411).

How oreat a force would the tether attatchment rods in 10.4 and
10.5.1 have to support, and would their structural tie to the

central cylinder be adequate without external bracing?

How much damage would thruster plumes cause to the tethers, given

their current design (i.e., kevlar—-coated teflon) (10021, p. 6)°?

It is unclear whether rnot having the mass of the center cylinder
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evenly distributed on either side of the plane of rotation will

affect stability (i.e., 10.5.1 as opposed to 10.4).

Will heat, exhaust contamination/pitting, etc. from maneuvering
thruster plumes damape or reduce the effectiveness of the VGF-
rmounted laser reflectors? How long ‘will it take for the plume
and space dust to deteriorate the VGF skin’'s surface
conditioning, to the point that specular reflections negatively

affect the accuracy of ladar mea;urements?

What would the effect on the shuttle and VGF be if one of the

shuttle’s maneuvering thrusters were to fail "on" (10016, p. 31)7?

How much pressure (PSID) will the despin Joint's seal have to

withstand?
What PSI will the VGF be pressurized to?
What effect will coriolis force have on docking?

Consider the number of backup (identical) systems for GN&C,

sensors, etc., and resulting total weights. What systems should

have backups?

The weight of laser (fibre optic) gyros could be researched

(10014, p. 409).

Try to obtain specifications of COAS (Crew Optical Aligriment

Sight).

Try to obtain: Steering law for parallel mounted double

gimballed CMGs (Control Moment Gyros)—--revis. A, by Kennel. NASA

n
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TM-82390 (10014, p. 411).

The following references were found to contain nrno useful

information: sp Thes To,rc’

Arnonymnous. 1985. Space station program--definition and
regulations. Houston: NARSA Lyndon B. Johnson Space
Center.

Aronymous. 1983. Space station techrnology workshop.

Hampton, Virginia: NRSA Langley Research Center.

Logsdan, J. M. (seminar director). 1985. The future of the
space transportation system (graduate symposium in science
technology and public policy). Washington, D.C.: George
Washington University.

Ivanov, V. A. 1973. Controlled coplanar relative motion of
space vehicles for a constant angular velocity of the line
of sight. Kosmicheskie Issledovaniya. i2(5): 691-700.

Busein-Zade, M, I. 1974, Asymptotic analysis of three-
dimensional dynamic equations of a thin plate. pmMMm. 38
(6): 1072-1078.

Loftus, J. P. 198z. The elements of a space operations
system. 7 p. New York: Perpamon Press.
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10.7 Summary

If the forces that NASA suggests will be acting on the outer
cylinders turn out to be of such magnitude as to considerably
change the spin attitude of those cylinders, all but two of the
designs in this chapter will be unusable. However, the twa
remaining designs (10.4, 10.5.1) have their ownn problems, in the
form of structural considerations relating to the tether
attatchment rods. How stable tether—-linked platforms such as
these would actually be, and how drastically their stability
would be affected by changes in tether position, differences in
weight between the outer cylinders, and forces applied by the
shuttle during docking, are also unknowns. Whether the shuttle
could be safely docked with a station rotating in this manner
(given time lag between control movement and shuttle response to
thrusters) is another question. It would seem that computer
simulation (during the design process) and eventual automation of
the procedure would make any hazards negligible; in addition, the
relativély slow speed of rotation would reduce the speed at which

relative movements between the shuttle and VGF would need to be

countered.
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11.1 Definition of topic
Docking is when one vessel joins with another and has ended
when the last dynamic response, due to reactive forces
erncountered envelved in the docking process has stopped.

(11003, p. 81)

11.

n

Rackground information
The variable pgravity facility creates a problem for the
docking process, because it rotates; however, if the center is

despurs it will be much easier to dock with. For this report it

will be asssumed that the center hub will be perminently despun
or at least despun for a periad of time long ercugh for a vessel
to dock with it and to exchange supplies, produce, and/or

crew members.

11.3 Proposed mission regquirements
1. The twce vessels must be able to dock consistantly with
out error, safely and efficiently. The docking adaptor
should have immediate capture - hold - release
capability, undisturbed self alignmenf and should fyrom
a secure, rigid, sealed attachment. (11004, ﬁ. 293 294)
Rl11 this should be done without creating urmecessary

reactive disturberces to the V.G6. facility. .

{11003, p.81) Precauticns shoauld alsc be takern to

ensure the two crafts are similarly charged before they
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are to dock. Discharge of less than € micro joule

won't effect electronic circutry. (11004, p. 309)

The docking port must contain an airleck large ercugh
to transfer the crew and all supplies such as food, raw
materials, equipment and any other needed products be
exchanged. Size larpely dependent on what will be done

in the V6 facility.

Procedures should be developed to first identify out of
tolerance (position, velocity, attitude and condition
of soft ware) in order to identify an emergpency.
Second, identify stratergies to fly by, retry or abort
the docking process at aﬁy given time in case of an
emergency. This procedure must be done, if at all
possible, in such a way that it won't disturb the

stations spin or orientation. (11003, p. 22, p. 118)

11.4 Proposed method of meeting mission requirements.

1.

Docking consistancy — Spaceborne laser radayr cculd be
used for guiding the vessel in for docking. It will
effectively locate and provide tracking information
for a vessel that wants tao dock. A prototype was built

in 1972, it had a range of 94 km with a rarige accuracy

of + or — O.O02% or + or — 10 om {Which ever is
greater) and the range rate coverage is 0 - { km/sec
with aw accuracy of + or — 1.0% or + or - 0.5 cm/sec

(Which ever is greater). The radar transmitter
reciever is &8” x 9” x 9" ard the electronics box is 9»

® 97 x 39V, The irnput power is @ 28 VDL 40 watts total
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and needs no cocling at room temp. (11001, p. 291 — 237)
Along with this a videc camera could be used in
conjuction with a random access video memory and a ‘
micro computor with the appropriate software. Power
requirements 10 W imput +-15 ard +— 5 VDC. The
dimentions of the total unit 220 x 60 % 70 mm.

Then once the vessel is in range it could use a
telescoping tube mounted with elastic material to aveid
any reactive fﬁrces that might be incountered. Tﬁis
tube qould be automatically aligpned with docking port
by use of photocell guidence. (11003, p. &5) The
telescoping tube would also allow the two spacecraft to
avaid any unnecessary closeness. This tube could be
combined with the probe / dogue dockinpg adaptor which

would alsc include shock absorbers. The predocking

conditions for this technique: {11004, p. £94, p. £99) ‘

Range: .4 +— .1m

Lateral offset: +— .4m

Attitude misaligrment: +— 5 degrees
Rotatiornal misaligrnment: +— .1 degree
Range rate: .05 m/s

tateral velocity: +— .5 cm/s

Angular rate: .5 degree/s

Ratational rate: .05 degree/s

To avoid charge difference, the twe crafts should be in

the same area for awhile before docking so their

charges equalize with in an acceptable level. Deocking

should alsc take place ocutside the morning gquadrant of
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11.4.1

the magretoshere - if these steps are followed no
special protective steps need to be taken for charge

build up. (11004, p. 307 - 309)

The docking port / air lock design — Should be
constructed without bend or curves and at no time
should the docking port go from not spimming to
spinning or visa versa. Either of these conditions

would create problems when trying to transfer '

materials.

Emergency procedures - The transfer tube and docking
port should be able toc be sealed quickly in case, for
some reason the vessel must clear the area or in case
of airleock failure. This should be done automatically,
after a audic - visual alarm has been activated {(any
significant data that could influence the docking
procedure would be folléwed by an audioﬂ - visual alarm
{11003, p. 119)). This should; however, include a
After this process the vessel

marual over ride system.

could disconect and maneuver to safety.

Bround stations should be able to monitor, help make
vital decisions and intervene if nessesary. (11003, p.
117) The only time the pground station should not be
able ta intervene is during the actual docking because
the time delay in the communications would be too great

to be of any use. (11003, p. 1Z8)

Discussiorn of proposed method
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1. Dacking consistancy

A. Spaceborrne laser radar and camera

advantage - small, 1light weight, 1low power consumtion, accurate,

already availible and camera provides a back up.

disadvantage - if you have both laser radar and camera there

will be added weight.

B. Telescoping docking - airlock tube with elastic
mount ing
advantage — allows for vessel to keep some distance with station
and still dock, alsc allows for some pilot error, and creates

iess reactive force in the docking process.

disadvantage - maybe harder to seal because of the telescoping

action of the tube.

C. Probe / Drogue
advantage - soft impact, self alignment, and accuracies are some—

what forpgiving.
dissadvantages — if the probe were to miss its target it could
hit the cables of the VG facility; where as, if there wasn’t a

probe sticking out in fronmt it might allow more room for error.

D. Electric Charge equilization

advartage - won’t interfer with electronic equipment.
dissadvantage - time cculd be wasted waiting for the right time
to doack,.

-5



2a Docking port / airlock design
A. Avoid curves and bends in the design if possible

advantages - easy transfer of materials.

disadvantages — might be difficult to incorperate a straight

docking tube into the design of the spacecraft.

K. Avoid going from spinning to not spinning section

advarnitages — easier to transfer materials {(material, pecple, and

supplies won't tumble)

dissadvantages - would have to come up with a device to spin
and despin in order to conect with elevators or the tube could

break.

3. Emergency procedures
A. Sealing port and transfer tube automatically
advantages - people involved in the emergency could worry about

getting to safety instead of sealiing the compartment.

disadvantages - supplies cculd get trapped in door and nat let

compartment seal.

H. Vessel maneuvering to safety

advantages - would pet vessel ocut of danger

disadvantage - use of thrusters at close range could interfer
with the stations stability or could move the station to an

urwanted position.
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11.4. 2 Weight estimate of proposed method

A. The total weight of the spaceborne laser radar is 40

pounds and the camera with micro computor is 5.5 kg.

11.5 Alternate methods of meeting mission requirements
A. Don’t have a docking port that is functional when
station is rotating. Station would have all needed

supplies ori board before spin—up.

advantages - less mechanical devices, less weight, and less
cost.
disadvantages ~— couldn't efficiently get sick people,

replacement people, manufactured products etc... on or off of

the station.

E. Despin station in order to dock
advantages — wouldn't have to have a despun center and t